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ABSTRACT 
VLCFAs are biosynthesized by an endoplasmic reticulum associated enzyme system, 
referred to as fatty acid elongase.  Fatty acid elongase generates VLCFAs by elongating 18C 
fatty acids. The enzymatic machinery of fatty acid elongation is believed to be composed of 
3-ketoacyl-CoA synthase, 3-ketoacyl-CoA reductase, 3-hydroxyacyl-CoA dehydratase, and 
enoyl-CoA reductase. However, the insoluble nature of the fatty acid elongase system has 
hampered efforts to purify the system and to identify the genes that encode the component 
proteins. In the current study a candidate gene cloning approach was used to demonstrate that 
the previously defined gl26 gene of maize encodes a predicted enoyl-CoA reductase (ECR).  
Based on the phenotypes of existing and newly isolated gl26 mutants, the GL26 protein is 
required for the normal accumulation of cuticular waxes (CWs).  The specific alterations in 
the composition of the CWs and the transcripts of gl26 gene that accumulate on gl26 mutants 
are consistent with the GL26 protein being a ECR.  Because some of the gl26 mutants exhibit 
conditional lethality, we conclude that ECR activity is essential in maize. Using the similar 
methods, two candidates of 3-hydroxyacyl-CoA dehydratase (HCD) were identified in maize.  
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CHAPTER 1 GENERAL INTRODUCTION AND ORGANIZATION 
INTRODUCTION 
Fatty acids with chain length of 20 or more carbons are referred to as very long chain 
fatty acids (VLCFAs).  Epicuticular waxe is the VLCFAs-derived compounds, which is an 
index of leave shining extent---deficiency of epicuticular wax is associated with glossy 
phenotype in seedlings.  
VLCFAs are biosynthesized by an endoplasmic reticulum (ER) associated enzyme 
system, referred to as fatty acid elongase (von Wettstein-Knowles P, 1982).  Fatty acid 
elongase generates VLCFAs by elongating 18C fatty acids generated by the plastidic de novo 
fatty acid biosynthetic machinery.  The enzymatic mechanism of fatty acid elongation is 
believed to be analogous to that of de novo fatty acid synthesis, in that both involve cyclic 
reactions of ketoacyl synthesis, 3-ketoacyl reduction, 3-hydroxyacyl dehydration, and enoyl 
reduction (Fehling and Mukherjee, 1991).  However, the insoluble nature of the fatty acid 
elongase system has hampered efforts to purify the system and to identify the genes that 
encode the component proteins. 
Specifically, characterization of the fae1 and cer6 mutants of Arabidopsis resulted in 
the isolation of genes encoding the ketoacyl-CoA synthase (KCS) (James et al., 1995; Todd 
et al., 1999; Millar et al., 1999; Fiebig et al., 2000; Lassner et al., 1996; Barret et al., 1998).  
Similarly, molecular characterization of the maize gl8 mutant resulted in the identification of 
the second component of the fatty acid elongase, which catalyzes the 3-ketoacyl reductase 
reaction (Xu et al., 1997; 2002).  A gene encoding this enzyme has also been identified in 
Arabidopsis by DNA sequence similarity (Xu et al., 1997) and subsequently shown to 
complement a yeast mutant that lacks 3-ketoacyl reductase activity (Beaudoin et al., 2002).  
The enoyl-CoA reductase (ECR) component of the fatty acid elongase has also been 
isolated (Gable et al., 2004; Kohlwein et al., 2001). The function of this protein has been 
established in Arabidopsis (zheng et al., 2005).  
In this study, a candidate gene approach was used to demonstrate that the previously 
defined gl26 gene in maize encodes a predicted ECR.  Based on the phenotypes of existing 
and newly isolated gl26 mutants, the GL26 protein is required for the normal accumulation of 
cuticular waxes (CWs).  The specific alterations in the composition of the CWs that 
 2 
accumulate on gl26 mutants are consistent with the GL26 protein being an ECR.  Because 
some of the gl26 mutants exhibit conditional lethality, we conclude that ECR activity is 
essential in maize.   
The same method was summoned to clone gene encoding dehydratase based on 
YDR036C, a yeast homologue, which is identified by Dr. Rene Lessire (personal 
correspondence). A series of evidences indicate the two most likely candidate genes in maize 
and Arabidopsis from twenty-one candidate MAGIs or singletons, which show high sequence 
similarity to YDR036C. Reverse genetic was used to achieve the mutator transposon mutant 
of one of gene. 
This thesis is exploring the additional two genes encoding enzymes in VLCFAs 
synthesis by map based candidate gene cloning method. Once their functions in sustaining 
the running of machine for synthesis of VLCFAs are established, it would be possible to 
search components involving the metabolism of wax and its derivatives in broader interlace. 
It would help us to study the association between VLCFAs and cell development. In addition, 
it would be interesting to paralleling study the evolution of the multiple enzymes machine for 
synthesis of fatty acids and the machine for synthesis of very long chain fatty acids. 
THESIS ORGANIZATION 
This thesis is composed of two chapters and four appendixes. The gl26 gene cloning 
in chapter II and four appendixes were written by Li Fan with the advice of Dr. Patrick S. 
Schnable. 
The first chapter is general introduction. The second chapter is a manuscript by 
Charles R. Dietrich titled “A screen for epicuticular wax mutants identifies nine new gl loci 
involved in the accumulation of cuticular waxes in maize”, which indicates the cloning of the 
gl26. The introduction of the enoyl-CoA reductase, as well as the associated methods, results 
and discussion on cloning of gl26 were conducted and written by Li Fan in second chapter. 
Table III and Figures 11-15 are the main results of Li Fan. Appendix A-D report results of Li 
Fan. Appendix A describes Mu-tagging to generate more alleles of gl6, gl7, gl28 and gl33 
genes. Appendix B established the hypothesis of two candidate dehydratase gene in maize 
and Arabidopsis using evidence from computer analyses and wet lab experiment. In appendix 
C the stage at which morphological perturbations of the embryo associated with the gl8 
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double mutant first became visible via light microscopy are defined. Appendix D is an 
epigenetic study of the gl8a-ref allele.  
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CHAPTER 2: A SCREEN FOR EPICUTICULAR WAX MUTANTS 
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ABSTRACT 
A mutagenesis experiment was undertaken to identify maize genes involved in the 
production of epicuticular wax.  A collection of 186 gl mutants was tested for allelism with 
the existing collection of cuticular wax mutants via a combination of mapping and 
complementation experiments.  Nine new gl loci involved in the production of cuticular 
waxes were identified.  The wide variety of pleiotropic effects associated with mutants at 
these new loci, and several of the existing gl loci, suggests additional roles for gl genes in 
maize development.  Compositional analyses performed on the complete collection of maize 
gl loci identified two distinct classes of gl mutants.  This result provides support for the 
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involvement of multiple pathways in cuticular wax biosynthesis. Candidate map based gene 
cloning of gl26 is an example to use this stock to study these pathways.  
INTRODUCTION 
Aerial portions of plants are coated with a complex mixture of lipids that serves as 
protection from the environment.  These lipids consist primarily of very long chain fatty 
acids (VLCFAs) and their derivatives such as alcohols, aldehydes, alkanes, and esters that are 
collectively referred to as cuticular waxes (Kolattukudy, 1980; Tulloch, 1976).   Cuticular 
waxes consist of both intracuticular and epicuticular waxes.  Intracuticular waxes are found 
embedded in the cutin polymers of the cuticle.  Epicuticular waxes are the wax crystals that 
form on the outermost surface of the cuticle (Baker, 1980).  Cuticular waxes provide 
protection from non-stomatal water loss (Martin and Juniper, 1970; Kolattukudy, 1981b), UV 
radiation (Reicosky and Hanover, 1978) and various pathogens (Kolattukudy, 1987; Jenks et 
al., 1994).  In addition, cuticular waxes have roles in plant-insect interactions (Eigenbrode 
and Shelton, 1990; Eigenbrode and Espelie, 1995), as well as in pollen-stigma interactions 
(Preuss et al., 1993). The increased thickness of cuticle membrane and reduced cuticular wax 
accumulation in mutant wax2 are associated with the decreased fertility under low humidity 
and increased epidermal permeability (Chen et al., 2003).  These important biological roles, 
in addition to the relationship between cuticular waxes and VLCFAs that have been targets 
for seed oil modification, have generated much interest in defining the molecular 
mechanisms responsible for the biosynthesis of cuticular waxes. 
Much of the efforts to understand cuticular wax biosynthesis have focused on the 
isolation of the enzymes responsible for generating the VLCFA precursors of the waxes.  In 
plants, VLCFAs are generated in the cytoplasm by dissociable enzymes associated with the 
endoplasmic reticulum (Cassagne and Lessire, 1978; Lessire et al., 1982; Whitfield et al., 
1993) that are collectively referred to as fatty acid elongase (von Wettstein-Knowles, 1982).  
The reactions are analogous to those of de novo fatty acid biosynthesis and involve cyclic 
reactions of ketoacyl synthesis, ketoacyl reduction, hydroxyacyl dehydration, and enoyl 
reduction (Fehling and Mukherjee, 1991).  An accumulation of data collected over the past 
few decades that includes studies of the effects of various inhibitors on fatty acid elongation 
and analysis of cuticular waxes from various species has lead to the establishment of three 
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primary wax biosynthetic pathways: decarbonylation, acyl-reduction, and b-ketoacyl-
elongation (Post-Beittenmiller, 1996; Lemieux, 1996; Kolattukudy, 1996).  Most plants are 
believed to express all three of these pathways but their contributions to the final cuticular 
wax load varies from organ to organ and species to species.  For example, Arabidopsis 
cuticular waxes are composed primarily of odd-chain alkanes that result from the 
decarbonylation pathway (McNevin et al., 1993; Hannoufa et al., 1993; Jenks et al., 1995).  
In contrast, maize cuticular waxes are products of the acyl-reduction pathway that include 
alcohols and aldehydes found in juvenile leaf wax and esters that are found primarily in adult 
leaf wax (Bianchi et al., 1985).  Although partially purified microsomal fractions that have 
the ability to elongate fatty acids in vitro have been isolated from several plant species 
(reviewed by Kolattukudy, 1996), the insoluble nature of the ER associated enzymes has 
hampered efforts to isolate the individual proteins involved in fatty acid elongation.  
Analysis of mutants defective in epicuticular wax accumulation has added to the 
understanding of fatty acid elongation.  Such mutants have been identified from a number of 
species including maize (Schnable et al., 1994), Arabidopsis (Jenks et al., 1995), barley (von 
Wettstein-Knowles, 1995), and sorghum (Jenks et al., 1992).  Such mutations are identified 
by their glossy appearance that results from a reduction in the amount of epicuticular waxes 
present on the surface.  Epicuticular wax mutants are called glossy (gl) in maize, bloomless 
(bm) in sorghum, and eceriferum (cer) in Arabidopsis and barley.   
Genes involved directly in the elongation of fatty acids are required for the 
biosynthesis of cuticular waxes.  These presumably include genes encoding enzymes 
involved in the modification of fatty acids, the export of the waxes and/or wax components to 
the surface, and genes responsible for the temporal and spatial regulation of cuticular wax 
accumulation.  Mutations blocking any of these processes could potentially result in plants 
that lack, or have reduced amounts, of cuticular waxes.  For example, sequence analysis of 
the maize gl15 gene suggests that it encodes a transcription regulator that when mutated 
results in a premature transition from the juvenile to adult phase (Moose and Sisco, 1996).  
Because, only juvenile maize leaves produce significant amount of epicuticular waxes, a 
premature transition to adult leaf characteristics would result in the late expression of the 
glossy phenotype, a characteristic of gl15 mutants (Moose and Sisco, 1994).  In addition, a 
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number of cuticular wax genes have been cloned that do not have established functions.  
These include the maize gl1 (Hansen et al., 1997) and gl2 (Tacke et al., 1995) genes, their 
Arabidopsis orthologs CER1 (Aarts et al., 1995) and CER2 (Negruk et al., 1996; Xia et al., 
1996), respectively, and the Arabidopsis CER3 gene (Hannoufa et al., 1996). 
In contrast, the characterization of mutants defective in VLCFA biosynthesis (James 
et al., 1995) or the accumulation of cuticular waxes (Schnable et al., 1994) has resulted in the 
isolation of three enzyme components of fatty acid elongase.  Specifically, characterization 
of the fae1 and cer6 mutants of Arabidopsis resulted in the isolation of genes encoding the 
ketoacyl-CoA synthase (KCS) (James et al., 1995; Todd et al., 1999; Millar et al., 1999; 
Fiebig et al., 2000; Lassner et al., 1996; Barret et al., 1998) component of the fatty acid 
elongase.  Similarly, molecular characterization of the maize gl8 mutant resulted in the 
identification of the second component of the fatty acid elongase, which catalyzes the 3-
ketoacyl reductase reaction (Xu et al., 1997; 2002).  A gene encoding this enzyme has also 
been identified in Arabidopsis by DNA sequence similarity (Xu et al., 1997) and 
subsequently shown to complement a yeast mutant that lacks 3-ketoacyl reductase activity 
(Beaudoin et al., 2002). The enoyl-CoA reductase (ECR), the third component of the fatty 
acid elongase in Arabidopsis is encoded by At3g55360, which is supported by the 
functionally complements of protein to yeast mutant tsc13 and immuno-co-precipitation 
characteristics with either Elo2p or Elo3p (Gable et al., 2004; Kohlwein et al., 2001). The 
mutant cer10 with abolished transcription of At3g55360 doesn’t show lethality as double 
mutant of gl8a and gl8b in maize, although the subcellular location is endoplasmic reticulum 
(Zheng et al., 2005). The defective endocytic membrane traffic ensuing cell expansion was 
suggested to associate to the abnormal Gogi structure observed upon confocal microscopy in 
cer10 (zheng et al., 2005). 
In the current study, a total of 17 maize gl mutants have been identified based on the 
appearance of a glossy phenotype conditioned by altered epicuticular wax accumulation on 
seedling leaf surfaces (reviewed by Schnable et al., 1994).  The identification of gl mutants 
can be facilitated by spraying water on the leaf surface.  The presence of epicuticular waxes 
causes water to be repelled from the surfaces of normal seedling leaves while water droplets 
accumulate on the leaf surfaces of gl mutants (Coe and Neuffer, 1977; Bianchi, 1978; 
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Bianchi et al., 1985).  In addition, a candidate gene approach was addressed to study those gl 
mutants by demonstrating that the previously defined gl26 gene of maize encodes a predicted 
ECR.  Based on the phenotypes of existing and newly isolated gl26 mutants the GL26 protein 
is required for the normal accumulation of cuticular waxes (CWs).  The specific alterations in 
the composition of the CWs that accumulate on gl26 mutants are consistent with the GL26 
protein being an ECR.  Because some of the gl26 mutants exhibit conditional lethality, we 
conclude that ECR activity is essential in maize.   
Analysis of wax from mutants defective in epicuticular wax production has been 
another principal method in elucidating the pathways involved in cuticular wax biosynthesis.  
However, a detailed compositional analysis has been completed on the waxes of only ten of 
the known gl mutants (Bianchi et al., 1975, 1977, 1978, 1979; Avato et al., 1985).  This study 
reports an attempt to saturate maize for epicuticular wax mutants via the generation of a large 
number of new gl mutants that were subsequently tested for allelism with each of the known 
gl mutants.  Nine new gl loci were thereby identified.  GC-MS has been used to determine 
the compositions of the waxes that accumulate in each of these new gl mutants in addition to 
near-isogenic stocks for each of the previously defined gl loci.  
RESULTS 
Complementation tests 
A collection of 186 gl* alleles has been isolated and analyzed in an attempt to 
saturate maize for gl mutants.  The collection includes both Mutator-induced alleles 
generated from random-tagging experiments and alleles identified in M2 or M3 families 
derived from the treatment of pollen with ethyl methanesulfonate (EMS) (Neuffer, 1994).  
Rather than perform allelism tests between each gl* allele and the 17 existing gl-ref alleles 
(Table I), each gl* allele was first crossed by a B-A translocation series to map it to a specific 
chromosome arm.  Subsequent allelism tests could then be limited to gl loci known to reside 
on that particular chromosome arm.  In addition, gl* alleles were tested for allelism with 
mutants that had similar phenotypes (Table I).  In combination, these approaches established 
that 159 of the 186 gl* mutants were allelic to existing gl loci.  The numbers of alleles 
identified for each of the existing gl loci are listed in Table I.   
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Identification of nine new gl loci 
The remaining 27 gl* mutants that were not found to be allelic to any of the existing 
gl loci were tested for complementation with each other.  These allelism tests revealed that 
the 27 remaining mutant represented at least nine new gl loci.  The new gl loci were 
designated gl27 through gl35.  Seven of these nine gl loci have been mapped using either the 
B-A or the wx translocation series.  Various pleiotropic effects, including novel effects not 
previously associated with gl mutants, are associated with mutations at several of the newly 
identified gl loci.  The phenotypes and mapping results of each of the new gl loci are briefly 
described below and summarized in Table I.  B73 (Fig 1A) and gl1 (Fig 1B) represent non-
glossy and strong glossy phenotypes, respectively.  gl14 (Fig 1C) is given as an example of a 
weakly expressed glossy mutant. 
gl27.  Two alleles of gl27 were identified.  Allele N203C (isolated by Neuffer) was 
designated as the gl27-ref allele.  Seedlings homozygous for gl27-ref exhibit good expression 
of the glossy phenotype but grow more slowly than their wild-type siblings and appear 
dwarfed at 10 days.  Closer examination of the mutant seedlings reveals a necrotic lesion at 
the base of the first leaf that often results in lethality of the seedling (Fig. 1G).  The glossy 
phenotype is more apparent on leaves two and higher.  Mutant plants that survive to the adult 
stage vary from severely dwarfed to only slightly smaller than wild-type siblings.  The gl27-
90-3222-39 allele appears to be a weak allele because plants homozygous for this allele have 
weak expression of the glossy phenotype, do not form the necrotic lesion, and are only 
slightly dwarfed.  Plants with the genotype gl27-ref/gl27-90-3222-39 have a phenotype 
similar to that conditioned by homozygotes for gl27-ref.  The gl27 locus is located on 
chromosome 1. 
gl28.  Five alleles of gl28 were identified.  Seedlings homozygous for gl28 mutant 
alleles have fair expression of the glossy phenotype and have mild to weak adherence of the 
juvenile leaves (Figure 1H).  Mutants have good viability and have little or no effect on the 
adult plant.  Allele 94-1001-2745 was designated gl28-ref.  The phenotypes associated with 
the five gl28 alleles are indistinguishable.  The gl28 locus is located on chromosome 10.  
gl29.  The gl* 94-1001-1198 mutation was uncovered by TB-4Lf but was not allelic 
to either of the gl loci that are located on chromosome 4L (gl3 and gl4).  This mutant 
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therefore defines a new locus designated gl29 and represents the gl29-ref allele.  Seedlings 
homozygous for gl29-ref exhibit fair expression of the glossy phenotype and are otherwise 
normal.  However, by day 14, gl29-ref seedlings begin to wilt and die within a few days.  The 
lethality associated with the gl29-ref mutation, unlike several of the other gl mutants in 
which lethality is dependent upon growth conditions, appears to affect all mutant seedlings, 
even under conditions that allow for optimal growth of normal seedlings.  An additional 
pleiotropic effect of mild adherence of the juvenile leaves becomes apparent in the B73 
introgressed stock that was not observed before introgression (Fig. 1I). 
gl30.  The gl* 94-1001-2886 mutation complemented gl1 through gl29 and was 
therefore designated gl30-ref.  Seedlings homozygous for gl30-ref have good expression of 
the glossy phenotype but also exhibit a virescent phenotype (Fig. 1J).  In addition to the 
above-ground phenotypes, lateral root growth of plants homozygous for gl30-ref appears 
severely delayed relative to wild-type seedlings and root tips turn brown and senesce 
concurrently with the seedling about 10 days after germination (Fig. 2).  Root necrosis in 
gl30-ref affects postembryonic lateral root tips as well as embryonic primary and seminal 
root tips.  Images taken with a confocal microscope reveal that cortical cell elongation in the 
lateral roots appears normal (Fig. 3).  This indicates that the shortness of the lateral roots is 
not due to defects in cell elongation but instead likely results from a lack of cell division at 
the root tips.  Root necrosis affects all root tips within a small developmental window about 
ten days after germination.  Seedlings homozygous for the gl30-ref mutant often begin to 
darken to pale-green but, even so, eventually die, possibly as a consequence of the impaired 
root growth.  The gl30 locus could not be placed on a chromosome using either the B-A 
translocation series or the wx translocation stocks.  Because only one gl30 allele has been 
identified, it is possible the virescent and root phenotypes are caused by separate mutations.  
However, over 100 gl30-ref mutant seedlings were identified in F2 populations and all were 
virescent and exhibited the root phenotype.  In addition, neither the abnormal lateral root 
phenotype nor the virescent phenotype was observed in non-glossy siblings plants in these F2 
families.  
gl31.  Two gl* alleles were uncovered by TB-1La and failed to complement each 
other.  Because there are no other gl loci on chromosome 1L, these alleles represent the gl31 
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locus.  The gl* AEW-A619-193 mutant was designated gl31-ref.  Both alleles have strong 
expression of the glossy phenotype and have severe adherence of seedling leaves (Fig. 1K).  
This adherence often results in lethality at the seedling stage but under ideal conditions, 
mutants can survive to maturity.  Mature plants are smaller than normal, have delayed 
maturity, produce small ears, but produce viable pollen from non-dehiscent anthers.   
gl32.  Two alleles, gl* 90-3121-Ad1 and gl* 92-1246-91, were uncovered by TB-
2L4464.  These two alleles failed to complement each other, and because there are no other gl 
mutants on chromosome 2L, these alleles define the gl32 locus.  Mutant gl* 90-3121-Ad1 
was designated gl32-ref.  Seedlings homozygous for gl32-ref exhibit fair expression of the 
glossy phenotype and have a variegated virescent phenotype (Fig. 1L), but unlike gl30-ref, 
have normal lateral root growth.  The gl32-92-1246-91 mutant exhibits phenotypes similar to 
gl32-ref.  
gl33.  The gl* 2:183-59 mutation complemented gl1 through gl32 and was therefore 
designated as the gl33-ref allele.  Plants homozygous for gl33-ref have weak expression of 
the glossy phenotype, but the most obvious phenotype is that of a weak adherence of the first 
two leaves (Fig. 1M).  The gl33 locus is located on chromosome 8. 
gl34.  The gl* 2:26-42 mutation complemented gl1 through gl33 and was therefore 
designated as the gl34-ref allele.  Allele gl* 87-2340 was found allelic to the gl34-ref allele.  
Both gl34 mutant alleles have slightly curled leaves and have variable expression of 
prominent sectors of wax covering most of leaf one and along the mid vein of leaf two (Fig. 
1N).  The glossy phenotype is therefore similar to gl15 mutants that are glossy after the third 
leaf.  The gl34 locus maps to chromosome 2. 
gl35.  The gl* 94-1001-2335 mutation complemented gl1 through gl34 and was 
therefore designated as the gl35-ref allele.  Plants homozygous for gl35-ref have strong 
expression of the glossy phenotype.  An adherent phenotype similar to that associated with 
gl31 mutants is occasionally observed in seedlings homozygous for gl35-ref and appears to 
be exacerbated in the B73 genetic background (Fig. 1O).  Mature gl35-ref mutants are 
slightly smaller than their wild-type siblings and are completely male sterile.  Dissection of 
anthers reveals that microsporogenesis appears normal until the young microspore stage, at 
which time the microspores collapse and degenerate (Fig. 4), ultimately resulting in anthers 
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that are devoid of pollen.  gl35 is the only gl mutant that has an observable affect on fertility.  
Cosegregation of the glossy phenotype and male sterility were observed in over 100 glossy 
plants identified from F2 families.  
Additional gl mutants 
Analysis of F2 progeny segregating for gl* 2:225-27 revealed a 1:3 segregation of 
wild-type to glossy seedlings.  Analysis of F1 crosses between plants heterozygous for gl* 
2:225-27 and B73 revealed a 1:1 segregation of wild-type to mutant seedlings.  These data 
indicate that gl* 2:225-27 behaves as a dominant mutant and, therefore, the mutant has been 
designated gl-Dom.  This appears to be the first report of a dominant gl mutant in maize.  
Mutant seedlings have fair expression of the glossy phenotype but expression is not uniform 
across the leaf.  It is typically more pronounced near the base or middle of the leaf than at the 
tip (Fig. 1P).  The glossy portion of the leaf is often pale yellow.  Leaves also have a heavily 
textured appearance.  Crosses made between plants heterozygous for gl-Dom and stocks 
carrying each of the gl mutants through gl26 show expression of only the dominant glossy 
phenotype in seedlings of F1 progeny.  Adult plants that carry the gl-Dom allele have pale 
yellow regions at the base of each adult leaf and typically have an additional narrow leaf 
phenotype.  However, expression of the pale-yellow phenotype and the narrow leaf 
phenotype on adult leaves is highly variable and depends upon genetic background.   
gl* 94-1001-991 is allelic to ad2 
Allele gl* 94-1001-991 has weak expression of the glossy phenotype and has a weak 
adherent phenotype similar to that of gl33.  However, unlike gl33, adult plants homozygous 
for gl* 94-1001-991 exhibit adherence of floral tissues in the ear and tassel.  Thus, the adult 
phenotype of gl* 94-1001-991 is similar to that conditioned by ad2.  Allelism tests between 
gl* 94-1001-991 and ad2 revealed that gl* 94-1001-991 is allelic to ad2.  This allele has 
therefore been designated ad2 94-1001-991.  Mapping experiments conducted with ad2 94-
1001-991 have established that the ad2 locus is uncovered by TB-7Lb.   
Glossy phenotypes have not previously been reported for any of the adherent mutants 
of maize (ad1, ad2 and cr4), although altered epicuticular waxes have been reported for the 
ad1 mutant (Sinha and Lynch, 1998).  To determine if mutations in these loci have additional 
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weakly expressed glossy phenotypes (i.e. can bead water on the surface), families 
segregating for ad1, ad2, cr4 and several of the gl mutants that express adherent phenotypes 
were grown side-by-side in sand benches.  At the seedling stage, mutants of ad1, ad2 and cr4 
all express weak glossy phenotypes similar to ad2-94-1001-991 and gl33.  
Remaining gl* alleles 
Allelism tests were not completed on six of the gl* alleles.  Analysis of three alleles: 
gl* 68-M1-28, gl* 94-1001-237, and gl* AEW-A632-311 could not be completed due to 
exceptionally weak expression of the glossy phenotype.  Allelism tests have been partially 
completed on the three remaining alleles (gl* 92-1246-86, gl* 89-8103-23 and gl* 94-1001-
1301).  The gl* 92-1246-86 allele conditions the same phenotype as does gl29-ref, fair glossy 
expression with mutants wilting by day 14, but preliminary results indicate that these two 
mutants complement each other, suggesting that they are not allelic.  Allele gl* 94-1001-
1301 has a phenotype similar to gl27-ref, but preliminary results indicate the two are not 
allelic.  Allele gl* 89-8103-23 has a phenotype consistent with a mutation at gl28, but 
allelism tests have not been performed. 
Pleiotropic effects associated with gl mutants 
While the phenotypes conditioned by mutations at several of the gl loci have the 
traditional gl1-like phenotype (Fig 1B), additional pleiotropic effects are not uncommon.  
The most common pleiotropic effect is adherence of the first few juvenile leaves.  The degree 
of adherence varies greatly among the gl loci and in the case of gl11 (Fig 1D), gl25 (Fig 1E), 
and gl31 (Fig 1K) is often severe enough to cause lethality at the seedling stage.  Plants 
homozygous for mutants at these loci can, however, survive under ideal growth conditions, 
such as in a greenhouse, to produce small, but viable adult plants.  The gl28 and gl33 mutants 
have less severe adherence and rarely result in lethality.  This phenotype appears similar to 
the adherent phenotypes observed with the maize ad1, ad2, and cr4 mutants.  However, 
unlike these mutants, adherence associated with gl mutants is limited to juvenile leaves.  
Varying degrees of adherence are also associated with alleles of gl26, gl29-ref, and gl35-ref, 
but adherence in these mutants appears to be strongly influenced by genetic background.  
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Another pleiotropic effect associated with mutations at the gl13 locus is the formation 
of necrotic lesions.  Plants homozygous for either gl13-ref or gl13-19 (formerly gl19-ref, see 
Material and Methods) grow normally for about seven days at which time the leaves begin to 
turn necrotic and the seedling typically dies by ten days.  The gl13-19 allele was thought to 
result in lethality at the seedling stage (Neuffer and Beckett, 1987; Schnable et al., 1994), but 
under ideal growth conditions, the necrotic gl13-19 plants continue to grow slowly and by 
day 21 begin to produce adult leaves that lack necrotic lesions.  Mature gl13-ref and gl13-19 
plants are severely stunted in growth but produce small ears and viable pollen from non-
dehiscent anthers.   
A single, small necrotic lesion consistently appears on the first leaf of gl26-ref and 
gl28-ref mutants (Fig. 1F and H, respectively).  Such lesions have no significant impact on 
the growth of the seedlings, and appear to either result from, or cause, the slight degree of 
adherence associated with leaf one and two in these mutants.   
Allelic variation and influences of genetic background 
For loci in which multiple alleles were isolated, the level of expression of the glossy 
phenotype was largely consistent among alleles.  In most cases where allelic variation was 
observed, the variation was in the pleiotropic effects and not in the expression of the glossy 
phenotype.  For example, the seven gl26 alleles all have strong glossy expression but the 
adherent phenotype varies from non-adherent in gl26-AEW-A619-27, to slightly adherent in 
gl26-ref, and strongly adherent in gl26-94-1581-23.  However, because these alleles have not 
been backcrossed into B73, it is not yet possible to determine if this variation is due to allelic 
differences or genetic background.  
A backcrossing program has been conducted for multiple generations to introgress all 
of the gl-ref alleles into B73.  This allowed for observations of background effects on each 
gl-ref and minimized the effects of genetic variability among the alleles used for both wax 
composition and gene expression experiments.  The number of generations each gl-ref has 
been backcrossed to B73 is indicated in Table I.  Most of the previously defined gl-ref alleles 
have been backcrossed to B73 at least eight times, while the newly identified gl-ref alleles 
have only been crosses to B73 a few generations.  The glossy phenotype associated with 
most of the gl-ref alleles did not change during backcrossing.  However, three alleles: gl11-
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ref, gl29-ref, and gl35-ref displayed an additional adherent phenotype in the B73 genetic 
background that was not observed prior to introgression into B73.  This is most obvious for 
the gl11-ref allele.  Homozygous mutants of the gl11-ref allele are gl1-like in appearance in 
some genetic backgrounds but the same allele has a severely adherent phenotype (Fig. 1D) 
when introgressed into the inbred line B73.  Although gl29-ref and gl35-ref have only been 
backcrossed three and one time(s), respectively, the frequency of gl seedlings in F2 families 
that also exhibit adherence appears to be increasing as they are introgressed into B73.  Unlike 
gl11-ref, the adherence of the gl25-ref and gl28-ref alleles does not appear to be exacerbated 
by the B73 genetic background.  
The gl8-ref appears to be an epiallele 
The expression of the glossy phenotype of gl8-ref changed dramatically following its 
introgression into B73.  The gl8-ref stock obtained from Don Robertson has strong 
expression of the glossy phenotype.  After introgression into B73, however, the phenotype 
associated with gl8-ref becomes increasingly weak to the point where mutants are nearly 
indistinguishable from wild-type seedlings.  Crosses between non-introgressed and 
introgressed gl8-ref stocks produce seedlings with the strong glossy phenotype.  Such 
behavior of the gl8-ref allele is consistent with gl8-ref being an epiallele.  Additional support 
for this hypothesis comes from sequence analysis of the gl8-ref allele.  No sequence 
polymorphisms exist between the gl8-ref and the wild-type B73-Gl8 alleles in a 3.8 kb 
interval that includes the entire gl8 coding region (Dietrich et al., 2002).  RNA-gel blot 
analysis on non-introgressed versus introgressed stocks of gl8-ref reveal that although gl8 
transcript accumulated to only low levels in the non-introgressed stock, it accumulates to 
near-normal levels in the introgressed stock (Fig. 5).  To avoid complications due to the 
variable expression of the gl8-ref allele, a second gl8 allele (gl8-Mu 77-3134), that contains a 
Mu insertion in the coding region (Dietrich et al., 2002) was also introgressed into B73 and 
was used for the wax characterization and RNA gel blot experiments described below.   
SEM analyses of B73 and gl mutants 
Scanning electron microscopy (SEM) was used to observe epicuticular waxes present 
on juvenile maize leaves from nonmutant (Fig, 6A and 7A) and mutant seedlings (Fig. 6B-P 
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and 7B-P).  SEM images from nonmutant juvenile leaves reveal a dense load of epicuticular 
wax crystals covering the outer leaf surface.  SEM images from gl mutants with strong glossy 
expression, such as gl1 (Fig. 6B and 7B), are nearly devoid of epicuticular wax crystals.  
SEMs of gl1, gl2, gl3, gl4, gl5/20, gl6, gl7, gl8, gl14, gl15, gl18, gl21/22 and gl26 have been 
reported previously (Lorenzoni and Salamini, 1975; Beattie and Marcell, unpublished data).  
SEMs from the remaining gl loci, including the nine newly identified gl loci and the 
dominant gl allele are presented here (Fig. 6 C-P and 7 C-P).  Each gl mutant conditions a 
significant reduction in the number of epicuticular wax crystals that accumulate.  The 
reduction in epicuticular wax crystals is roughly correlated with the severity of the glossy 
phenotype.  For example, gl11-ref, gl31-ref, and gl35-ref condition strong glossy phenotypes 
and seedlings homozygous for these mutants are nearly devoid of epicuticular wax crystals, 
while seedlings homozygous for the gl28 and gl33 mutants that exhibit fair or weak 
expression of the glossy phenotype, respectively, have larger numbers of epicuticular wax 
crystals.   
Compositional analysis of cuticular waxes 
The composition of cuticular waxes that accumulate on each of the 27 gl mutants and 
B73 were determined by chloroform extraction of waxes from seedling leaves followed by 
separation of the wax components by gas chromatography (GC) and identification by mass 
spectroscopy (MS).  The primary components of B73 cuticular waxes are C32 1o alcohols 
and C32 aldehydes (Table II, Figs 8 and 9).  This is consistent with previous 
characterizations of maize juvenile cuticular waxes (Bianchi et al., 1985).  The gl mutants 
can be grouped into two classes.  Class I mutants have wax compositions similar to B73, i.e., 
are composed primarily of 32C 1o alcohols and 32C aldehydes.  Class II mutants, in contrast, 
do not accumulate significant amounts of alcohols.  The Class II mutants can be divided into 
two subclasses: IIA and IIB based on the presence (IIA) or absence (IIB) of aldehydes.  Most 
of the Class IIA mutants accumulate C30 aldehydes instead of the C32 aldehydes that are 
present in juvenile waxes extracted from B73 (Fig. 9).  However, the Class IIA mutants gl25 
and gl33 accumulate C32 aldehydes but do not accumulate C32 alcohols.  Class IIB mutants 
do not accumulate significant amounts of any of the wax components (Table II).  Because 
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esters, alkanes, ketones, and free fatty acids are present in only small amounts in B73 and 
each of the gl mutants, a detailed analysis of their chain lengths will not be presented here.   
Total wax load was also calculated from summing the ug/g dry tissue for each of the 
wax components (Table II).  These data indicate the wax load for many of the gl mutants is 
higher than that of the inbred B73.  Although, the gl mutants are often presumed to have 
reduced amounts of cuticular waxes based on SEM images that reveal reduced amounts of 
epicuticular waxes, a reduction in epicuticular waxes does not necessarily, and in most cases 
does not, correlate with a reduction in total cuticular wax load.  This is because epicuticular 
waxes represent only a small percentage of the total cuticular waxes and changes in the 
composition of the waxes can inhibit epicuticular wax formation without resulting in 
reductions in the amount of total wax present.   
Accumulation of gl2 and gl8 mRNAs in each of the gl mutants 
RNA isolated from each of the 27 B73 introgressed gl mutants (gl1 - gl35 plus gl-
Dom) and wild-type (B73) seedlings was subjected to gel blot analysis to determine the 
expression of gl2 and gl8 in each of the mutant backgrounds.  The accumulation of gl2 
transcripts is similar to B73 in each of the mutant stocks except in gl2-ref, which lacks 
expression (Fig. 10A).  The expression of gl8 is similar to B73 in all mutants except in gl8 
and gl32 mutant seedlings, in which expression is significantly reduced (Fig. 10B).  The 
identification of a duplicate gl8 gene that is expressed at a low level in juvenile leaves 
(Dietrich et al., manuscript in preparation) likely accounts for the observed expression in the 
gl8 mutant.  However, the reduced expression of gl8 in the gl32 mutant suggests an 
interaction between the gl8 and gl32.  Hybridization of a replicated RNA-gel blot with 
GAPDH was used to confirm RNA loading was approximately equal in all samples (Fig. 
10C).  The observation that gl2 and gl8 transcript levels are not altered in gl mutants 
suggesting a lack of interaction of at least gl2 and gl8 with the other gl genes (with the 
exception of a possible interaction between gl8 and gl32).  
Candidate gene approach to identify gl26 gene, encoding ECR in VLCFAs pathway 
The original gl26 mutant (gl26-ref) conditions a “glossy” phenotype due to an 
alteration of the accumulation of cuticular wax crystals on seedling leaves (Schnable et al., 
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1994; Figures 11-12). Six additional mutant alleles of gl26 were isolated from F2 lines 
derived from Mu transposon stocks or M2 lines generated via mutagenesis with EMS (Table 
1).  Using AA and BA translocations the gl26 gene was genetically mapped to the vicinity of 
the centromere of chromosome 8. 
The yeast TSC13 protein (310 amino-acids) was used to query the TIGR Arabidopsis 
thaliana Database. Locus At3g55360.1 exhibits 31% identity and 48% similarity (E value 
7.8e-31). The protein encoded by At3g55360 was used to query in TIGR Rice Database. 
11667.t00467|LOC_Os01g05670|unspliced-genomic 3-oxo-5-alpha-steroid 4-dehydrogenase, 
putative protein exhibits 76% identity (E value 3.0e-130) to At3g55360. This rice protein 
was used to tblastn the MAGI database (http://magi.plantgenomics.iastate.edu/blast/), which 
contains assembled maize genomic sequences (Fu Y et al., 2005). Two MAGIs exhibit 
similarity to the rice ECR protein were identified. MAGI_55555 aligns to 263 to 336 amino-
acids with 88% identity (E value 2e-12), MAGI_37633 was aligned to 1 to 85 amino-acids 
with 39% identity (E value 6e-05). The two non-overlapped MAGIs were used to blast the 
NCBI Maize EST database. ESTs Aw506800 and CD651670 aligned with MAGI_55555 
with identities of 95%-100% (E value e-119) and 99%-100 %(E-value e-119), respectively. 
ESTs Co521684 and Co522051 align to MAGI_37633 with identities 97%-100% (E value 
6e-91) and 97%-99% (E value 2e-88) respectively. Using the sequences of these ESTs and 
MAGIs a partial structure of the four-exon maize ECR gene could be determined (Figure 13). 
The predicted amino acid sequence of the maize ECR protein exhibits identity of 31% and 
similarity of 46% (E value 3e-29) to the yeast TSC13 protein.   
One pair of ECR gene intron-spanning primers aligned to MAGI_37633 (Figure 13) 
detected a size polymorphism between the B73 and Mo17 inbred lines. Genotyping scores 
from the IBM RILs were inputted into the U-Map-It! function of the MAGI website 
(http://www.plantgenomics.iastate.edu/maize/). This placed the ECR gene in the 
chromosomal interval between markers bnlg2235 and mmp166 in bin 8.02 
(http://www.gramene.org/db/cmap/), close to the centromere of chromosome 8 (Figure 14).  
Based on the co-localization of the gl26 and the maize ECR genes to the vicinity of 
the centromere of chromosome 8, we hypothesized that the gl26 gene encodes the maize 
ECR protein.  To test this hypothesis PCR was performed on each of the Mu-induced gl26 
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alleles listed in Table 1 using a various ECR-specific primers in combination with a primer 
located in the highly conserved terminal inverted repeats (TIRs) of Mu transposons. 
Amplification products were obtained from three of the five gl26-Mu alleles analyzed. The 
resulting PCR products were purified and sequenced.  In three instances, the sequence of the 
resulting PCR products exhibited near-identity to the sequence of the maize ECR gene. These 
results establish that the gl26 gene encodes the ECR protein.    
Alignments of the Mu flanking sequences to the maize ECR gene revealed the 
transposon insertion sites in each of these gl26 alleles (Figure 13).   
Quantitative real-time PCR detected reduced accumulation of gl26 transcripts in all 
triplicates of seedlings homozygous for the gl26-ref allele as compared to B73 wild-type 
seedling at the three leaf stage, of which stage the mutant exhibits a pronounced glossy 
phenotype. Although the mutants accumulate substantially less transcripts than the wild-type, 
it is not null. The mean fold change is 3.19 (Figure 15). Because gl26-ref allele the Mu 
transposon insertion in the 5’ UTR may allow for some transcription of the gl26 gene.  
DISCUSSION 
A mutagenesis experiment has resulted in the identification of nine new recessive gl 
loci, bringing the total number of gl loci identified in maize to 28.  In addition, it has been 
found that three other loci (ad1, ad2, and cr4) exhibit weak glossy phenotypes.  The facts 
that the vast majority (159/186) of the gl* alleles are alleles of previously defined gl loci, and 
that multiple alleles of most of the newly identified gl loci that were isolated suggests that 
most, if not all, of the loci that can be recovered from this phenotypic screen have now been 
recovered.  
Complete saturation of this pathway with mutations is complicated by two factors: 1) 
it is difficult to identify mutants that condition weak glossy expression; and 2) pleiotropic 
effects associated with several of the gl loci make it difficult to propagate and maintain 
alleles of those loci.  The difficulty in identifying weakly expressed gl alleles, combined with 
the ease of identifying mutants with strong glossy expression, may have contributed to the 
significant bias in the initial collection of gl* alleles toward strongly expressed gl alleles.  For 
example, while 35 gl1 alleles were recovered, only four gl14 alleles were recovered.  This is 
consistent with the observation that gl1 and gl14 mutants condition strong and weak glossy 
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phenotypes, respectively.  In contrast, although gl31 has a pronounced glossy phenotype, 
only two gl31 alleles were isolated.  This is likely a result of the lethality associated with the 
adherent phenotype of gl31.  The results of this study suggest that although maize is now 
likely saturated for gl loci that condition strong expression of the glossy phenotype and do 
not exhibit strong negative pleiotropic effects, it is possible that more gl loci exist that 
condition only weak expression of the glossy phenotype or that have strong negative 
pleiotropic effects.  
The glossy phenotype first associated with a mutation at the gl1 locus is a reduction 
in the amount of epicuticular wax present on the juvenile leaves resulting in a glossy seedling 
that is otherwise morphologically normal.  Under normal growth conditions, gl1 mutants 
develop normally and have no noticeable effects on plant growth or fertility other than 
alterations if the waxes on seedling leave.  Similar phenotypes were also observed for 
mutants in each of the next seven gl loci that were defined.  This suggested that under normal 
conditions epicuticular waxes are not essential for maize development.  However, many 
(13/26) of the gl loci that have now been defined condition additional pleiotropic effects.  
These phenotypes include twisting and adherence of seedling leaves, necrotic lesions, 
chlorosis, and male sterility.  Such phenotypes would not be expected to result from a simple 
loss of epicuticular waxes because mutants, such as gl1, that are nearly devoid of epicuticular 
waxes do not condition these pleiotropic effects.  The wide range of pleiotropic effects 
suggests that many of the genes involved in epicuticular wax accumulation have additional 
roles in development. 
Only four of the gl genes (gl1, gl2, gl8 and gl15) have been cloned.  Of these, the 
proteins encoded by gl1 (Hansen et al., 1997) and gl2 (Tacke et al., 1995) are both novel 
proteins with functions that have not been established.  In contrast, the proteins encoded by 
gl8 and gl15 have similarities to proteins of known functions (Xu et al., 2002; Moose and 
Sisco, 1994).  The gl15 gene is similar to the Arabidopsis transcription regulator APETALA-2 
and therefore gl15 is predicted to encode a transcription regulator (Moose and Sisco, 1994).  
Mutations in gl15 result in premature transition of juvenile leaves to adult leaves.  Because, 
adult maize leaves accumulate little epicuticular wax, the phenotype associated with gl15 
mutants is a late onset of the glossy phenotype, i.e., leaves one and two appear normal but 
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leaves three and higher appear glossy.  The gl8-encoded protein has similarity to a class of 
keto reductases and was therefore hypothesized to encode the b-ketoacyl reductase 
component of fatty acid elongase that generates the VLCFA precursors of cuticular waxes 
(Xu et al., 1997).  Additional studies have supported this predicted role for GL8 (Xu et al., 
2002).   
Mutations such as gl8 that result in a block the biosynthesis of VLCFAs would be 
expected to result in glossy phenotypes.  However, glossy phenotypes may not necessarily 
result from blocks in VLCFA biosynthesis but instead may result from loss of regulation of 
the pathway as was observed in transgenic plants constitutively expressing FAE1 (Millar et 
al., 1998).  FAE1 is a seed-specific condensing enzyme normally involved in the production 
of VLCFA used in storage lipids (James et al., 1995).  When FAE1 is constitutively 
expressed, VLCFAs accumulate throughout the plant causing significant changes to plasma 
membrane compositions resulting in dramatic alteration in plant morphology that include 
stunted growth, dark green, rumpled, curled leaves, and reduced amounts of cuticular wax on 
stems (Millar et al., 1998).  In certain genetic backgrounds (i.e. B73) gl11, gl26, gl31 and 
gl35 have similar phenotypes that include dark green, severely twisted, adherent juvenile 
leaves.  Such mutant plants are typically lethal but occasionally survive to produce adult 
plants that are severely stunted in growth.  Hence, it is possible that the pleiotropic effects 
associated with mutants at the gl11, gl26, gl31, and gl35 may not result from a block in 
cuticular wax biosynthesis but instead result from a loss of regulation of VLCFA 
biosynthesis that normally restricts VLFCA biosynthesis to epidermal cells, although the wax 
composition of at least gl35-ref suggests a block in elongation.  
A deficiency in the Arabidopsis MOD1 gene, which encodes the enoyl-ACP 
reductase of fatty acid synthase, has also been shown to cause altered plant morphology 
(Mou et al., 2000).  In plants, fatty acid synthase is a dissociable multisubunit complex that 
exists in the plastids and is responsible for de novo fatty acid biosynthesis of C16 and C18 
fatty acids (Ohlrogge and Jaworski, 1997).  With the exception of the mod1 mutant, no other 
plant or animal mutants deficient in fatty acid synthesis prior to the production of C16 fatty 
acids have been isolated (Slabas and Fawcett 1992; Ohlrogge and Browse, 1995), as might be 
expected due to the essential nature of fatty acids for all living cells.  The mod1 mutation is a 
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single amino acid substitution that results in a substantial, but not complete, reduction in 
enoyl-ACP reductase activity (Mou et al., 2000).  The mod1 phenotype consists of curly 
leaves, chlorotic patches, early senescence of primary inflorescence, distorted siliques, 
reduced fertility, and semidwarfism.  Mutations in enzymes involved in de novo fatty acid 
biosynthesis would in all likelihood result in lethality very early in development, but 
duplicate genes with partially redundant functions or leaky alleles may be able to explain the 
necrotic phenotypes observed in gl13 or the chlorotic phenotypes associated with gl30 and 
gl32. 
The gl30 locus is another example of a gene that may have functions in development 
beyond the accumulation of epicuticular waxes.  In addition to a loss of epicuticular waxes, 
gl30 mutants show a root-specific phenotype that appears to result from the senescence of the 
root tips at the meristematic regions.  This may indicate that some precursors of wax 
pathways are involved in root formation.  Interestingly, the onset of root necrosis does not 
occur at a defined developmental stage relative to root development but occurs at a stage 
relative to the seedling’s development.  For example, at the time the root phenotype appears, 
the primary root have already begun to differentiate root hairs while younger lateral roots 
have only just begun to emerge from the primary root.  Only two types of root mutants that 
show some similarities to the gl30 root phenotype have been discovered to date in maize.  
The lateral root elongation mutants slr1 and slr2 (Hochholdinger et al., 2001) show short 
lateral roots comparable to the gl30 mutant.  However, in these mutants the short lateral roots 
results as a consequence of reduced elongation of the cortical cells.  Cell division appears to 
be normal in gl30 mutants.  The only necrotic root mutant described to date in maize is brt1 
(Hochholdinger and Feix, 1998).  Nevertheless, whereas in gl30 the necrosis is restricted to 
the root tips, brt1 shows a general necrosis, which is located along the vascular systems of 
the various root types.  Therefore the root phenotype associated with gl30 does not 
correspond to the phenotype of any previously isolated root mutants and might therefore 
involve a novel aspect of root development.  
gl35-ref is the first maize cuticular wax mutant known to affect fertility.  In contrast 
mutants in several cuticular wax loci from Arabidopsis, including CER1, CER3 and CER6 
display reduced male fertility (Koornneef et al., 1989).  In these mutants, pollen grains form 
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but fail to hydrate on the stigma under dry conditions.  At least two of these mutants, CER1 
and CER6, appear to have defects in the accumulation of in tryphine lipids (Hulskamp et al., 
1995).  The maize gl35-ref allele, in contrast, results in plants that completely lack pollen 
grains.  The timing of the degeneration of microspores in gl35 mutants coincides with the 
timing of the production of the exine layer (Skvarla and Larson 1966).  Thus, gl35 appears to 
be more similar to the male sterile mutants ms2, ms9 and ms12 in Arabidopsis that are 
deficient in formation of the exine (Aarts et al., 1997; Taylor et al., 1998).  The ms2 gene 
encodes a protein similar to a jojoba protein that convert fatty acids to fatty alcohols (Aarts et 
al., 1997).  The wax composition of gl35 seedling is unique relative to all other gl loci in that 
aldehydes accumulate as C18 instead of the typical C32 aldehydes and essentially no 
cuticular wax components longer than C18 accumulate.  The gl35-ref mutation therefore 
appears to block all pathways of fatty acid elongation in cuticular waxes and may have 
similar effects on the biosynthesis of one or more components of the exine layer.   
The adherent phenotype associated with several of the gl mutants is one that may not 
be unexpected because the lipid content of the cuticle has been demonstrated to be important 
in interactions between different epidermal layers.  For example, the Arabidopsis 
FIDDLEHEAD gene encodes a protein related to b-ketoacyl synthase (Yephremov et al., 
1999; Pruitt et al., 2000), one of the primary enzymes involved in generation of the VLCFAs 
that serves as precursors for cuticular waxes biosynthesis.  A mutation in the FIDDLEHEAD 
gene is believed to allow ectopic epidermal fusion to occur as a result of increased 
permeability of the cuticle to developmental signals required for organ fusion (Lolle et al., 
1997, Pruitt et al., 2000).  Eight additional Arabidopsis mutants have been described as 
having organ fusion phenotypes (Lolle et al., 1998).  Several maize mutants (ad1, ad2, and 
cr4) have been described that condition ectopic adhesion of organs.  These mutants have 
altered epicuticular waxes and, at the seedling stage, appear strikingly similar to gl33 at a 
similar stage.  Ultrastructural analysis performed on the ad1 (Sinha and Lynch, 1998) and cr4 
mutants (Becraft et al., 1996) reveals that the epidermal cells of cr4 are irregular in shape and 
are occasionally present in more than one cell layer while the epidermal layer of ad1 mutants 
is close to normal and is primarily characterized by altered epicuticular wax deposition and 
the presence of anomalous compounds in the cell walls.  Despite these differences, adherence 
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in both mutants occurs between the epidermal cells and does not affect internal tissue 
organization.  Another mutation initially identified by Schnable et al. (1994) from this 
collection of gl* alleles and has since been characterized as the xcl mutation by the Neelima 
Sinha Laboratory (University of California, Davis, CA) was found to have several layers of 
epidermal-like cells (Sharon Kessler, personal communication), although adherence is not 
associated with this mutant.  Of these additional maize loci that have altered epicuticular 
waxes, only cr4 has been cloned.  The cr4 gene encodes a protein with similarities to a class 
of transmembrane receptor kinases that may be involved in epidermal differentiation (Becraft 
et al., 1996).  Hence, mutants with reduced levels of epicuticular waxes are not necessarily 
associated with genes that are directly involved in wax biosynthesis.   
Previous attempts have been made to classify the different types of epicuticular wax 
structures observed under SEM (Lorenzoni and Salamini 1975; Barthlott et al., 1998).  For 
example, these crystals have been classified as semicircular platelets, crenated platelets, 
membraneous platelets, rodlets, and rods.  While such characterizations may provide useful 
information relative to the topography of the leaf surface, we have found that the 
identification and classification of wax structures is, to some extent, subjective, and can vary 
across the surface of an individual leaf.  Hence, a detailed description of wax structures 
present on the newly identified gl mutants will not be presented here.  However, two general 
conclusions from SEMs performed on gl mutants can be drawn.  The first is that the amount 
of epicuticular wax crystals present is inversely related to the level of expression of the 
visible glossy phenotype and, in general, the less epicuticular wax present on the leaf surface, 
the more amorphous that wax appears.  
Chemical analysis of cuticular wax extracts allowed the gl mutants to be placed into 
two classes based on the presence or absence of alcohols in the wax.  Class I gl mutants 
accumulate significant amount of alcohols and aldehydes.  Thus, these gl mutants have wax 
compositions similar to normal maize seedling leaf wax.  The presence of alcohols suggests 
that the acyl reduction pathway is functioning at least at some level.  Class II mutants do not 
accumulate alcohols suggesting that these mutants are defective in the acyl-reduction 
pathway.  In the acyl-reduction pathway, alcohols are synthesized from aldehydes by an acyl 
reduction (Post-Beittenmiller, 1996).  The enzymes needed to convert aldehydes to alcohols 
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appear to have an absolute specificity for C32 aldehydes because shorter chain alcohols are 
not observed.  The accumulation of C30 aldehydes and the absence of alcohols in several of 
the Class IIA mutants further demonstrates the specificity of the aldehyde reduction step.  
The Class IIA mutants gl25 and gl33 accumulate C32 aldehydes without accumulating C32 
alcohols.  This suggests that they may be specifically involved in the generation of alcohols 
from C32 aldehydes.  The gl35 mutant accumulates C18 aldehydes but not C32 aldehydes, 
and like other mutants that lack C32 aldehydes, there is no alcohol accumulation.  In addition, 
acyl chains longer than C18 are not present in any of the wax components that accumulate in 
this mutant, suggesting a complete block of all elongation pathways.  This is the only mutant 
from maize that appears to have such global affects on elongation.  
Only small amounts of ester, alkanes, ketones and free fatty acids are found in maize 
juvenile leaf wax and although the gl mutants have altered compositions of these components, 
no obvious conclusions can be drawn based on these compositional changes.  The effects of 
the gl mutants on these wax components may be more appropriately addressed in wax 
extracted from organs other than juvenile leaves.  For example, the affects of the gl mutants 
on ester productions may be better addressed by characterization of adult leaf waxes which 
normally contain larger amounts (42 %) of esters (Bianchi et al., 1989).  Similarly, alkanes 
are the primary component of cuticular wax from silk (Yang et al., 1992), and thus the effects 
of gl mutants on alkanes, and other products from the decarbonylation pathway, may be more 
apparent in silk cuticular wax.   
Compositional data from juvenile leaf wax from the gl mutants can be interpreted to 
provide support for the existence of multiple pathways leading to the production of cuticular 
waxes.  For example, many of the Class 2A mutations block accumulation of elongated 
alcohols but in many cases have alkanes and esters that have been elongated to the chain 
lengths found in normal wax.  
Biochemical fractionations of microsomal extracts form leek and maize also suggest 
the presence of multiple fatty acid elongase complexes (Kolattukudy, 1996).  However, the 
genetics behind these elongase complexes has not been elucidated.  Speculation of the 
molecular functions of the gl genes based on chemical composition of wax components has 
thus far not accurately predicted the functions of gl genes that have been cloned.  Many of 
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these predictions were based on the assumption that each gl gene was directly involved in 
either the production or modification of VLFCAs when, in fact, of the four cloned gl genes, 
only gl8 appears to be directly involved in elongation.   
Interpretations based on wax composition may be further complicated if the genes 
involved in fatty acids elongation are present as gene families with partially overlapping 
function.  If this is the case, it is possible that mutations in these genes may not result in gl 
phenotypes.  Arabidopsis appears to have several condensing enzymes with at least partially 
overlapping function (Todd et al., 1999; Millar et al., 1999).  In maize, more than a dozen 
homologs to the Arabidopsis condensing enzymes have been identified and genetically 
mapped (Dietrich et al., unpublished data) and the maize genome contains at least two genes 
that encode b-ketoacyl reductase (Dietrich et al., 2002).  
All alleles of gl26 exhibit a strong glossy phenotype with the exception of gl26-
Ac501 (an EMS-induced allele). Some of those alleles have pleitropic effects. For example, 
gl26-94-1581-24 displays adherent leave and gl26-94-1581-23 is seedling lethal in the field. 
Since only reference allele was backcrossed into B73, the pleitropic effect may be associated 
with the variant genetic backgrounds in what the other alleles were analyzed. It was noticed 
in 1997 that gl26 and gl8a have a phenotypic interaction (Schnable lab, unpublished data). 
The gl26 gene is located on the long arm of chromosome 8 and gl8a is located on the long 
arm of chromosome 5. When a TB-6L stock heterozygous for gl8a was crossed to 
homozygous gl26, fewer than half of the offspring were glossy, in addition, when a TB-5L 
stock for homozygous gl8a was crossed to homozygous gl26, more than half of the offspring 
were glossy. The gl26 and gl8a have no allelic relation but heterozygous of both genes show 
glossy phenotype with penetrance difference.     
Map based candidate gene cloning is useful for a series of glossy gene cloning in 
maize. A lot of wax synthesis genes were identified in yeast and Arabidopsis but only a few 
of them show phenotype and suggest the functions involved. Maize mutant usually shows 
obvious phenotype and controlled self or cross pollination makes it easy to study gene 
interaction. Besides, the glossy mutant screening was saturated in some level and most of 
them were genetically mapped. In this study, we provide a method of homologous gene 
cloning based on map. The homolog wax genes were identified by blast MAGI database in 
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maize. IDP markers were designed according to the MAGIs and screened for polymorphism 
in IBM94 population. Integrated mapping data were compared with genetic map. If there is 
candidate glossy gene in that position already, large population were used to confirm the 
phenotype and genotype associates and PCR and sequencing can confirm the mutagenesis 
site. Finally, the multiple alleles were sequenced and determined the mutagenesis site. This 
method was used to identify those known sequence of genes. However, based on biochemical 
pathway study of wax, there are a few genes un-identified in any species. For example, the 
dehydratase gene is one of the four enzymes involving in the VLCFAs. The candidate gene 
was identified in yeast and five corresponding candidates were found in Arabidopsis and a 
dozen of candidates in Maize. There is no report which one is truly taking responsibility in 
this wax pathway. In this case, the network study based on microarray data in Arabidopsis 
would be useful (Steinhauser, Usadel et al., 2004, Lisso, Steinhauser et al., 2005, Usadel et 
al., 2005).  
MATERIALS AND METHODS 
Scoring glossy phenotypes 
The glossy phenotypes are associated solely with juvenile leaves, which display a 
shiny appearance that sharply contrasts the dull appearance of normal juvenile leaf surfaces. 
Glossy mutants have traditionally been described by the level of expression of this glossy 
phenotype, which ranges from weak to strong.  Mutations that condition strong glossy 
phenotypes, such as gl1, have visibly shiny leaf surfaces and therefore can readily be 
identified.  Mutants with weak expression of the glossy phenotype, however, are more 
difficult to identify because their leaf surfaces appear near-normal to the unaided eye.  Such 
mutants can be more readily identified by spraying water on the leaf surface.  The presence 
of epicuticular waxes causes water to be repelled from the surfaces of normal seedling leaves 
while water droplets accumulate on the leaf surfaces of gl mutants (Coe and Neuffer, 1977; 
Bianchi, 1978; Bianchi et al., 1985).  This water beading phenotype was the basis for 
identifying the gl mutants included in this study.  Hence, not all the recovered mutants 
condition a pronounced visible glossy phenotype. 
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Existing gl loci 
The most recent description of gl loci included gl1, gl2, gl3, gl4, gl5, gl6, gl8, gl11, 
gl14, gl15, gl17, gl18, gl19, gl20, gl21, gl22, gl25, and gl26 (Schnable et al., 1994).  This list 
includes two duplicate gene pairs: gl5, gl20 and gl21, gl22, i.e., mutant phenotypes are 
observed only when both members of a gene pair are homozygous mutant.  The list of gl loci 
is not continuous from gl1 to gl26 because several of the gl loci were previously improperly 
cataloged.  For example, the gl10, gl12, and gl16 loci, which were originally designated as 
novel gl loci (Spraque, 1937), were later found to be allelic to gl8, gl7 and gl4, respectively 
(reviewed by Schnable et al., 1994).  The gl23 locus, originally reported by Sprague (1990), 
was determined to be an allele of gl18 (Schnable et al., 1994) and the gl24 locus, originally 
described as a duplicate gene for gl14 (Sprague 1990), was later determined not to represent 
a novel gene (Schnable et al., 1994). 
The three remaining loci, gl7 (Emerson et al., 1935), gl9 (Emerson et al., 1935), and 
gl13 (Anderson, 1955) were not analyzed by Schnable et al. (1994) because appropriate seed 
stocks could not be located at that time.  More recently, stocks thought to carry a mutant 
allele of gl7 were located by Philip Stinard from the Maize Genetics Coop.  It had been 
reported that gl7 is located on chromosome 4S (Stinard, 1997), and that chromosome arm 
does not contain any previously reported gl genes except gl5.  Allelism test (Emerson et al., 
1935) and mapping data (Stinard, 1998, 1999) indicated gl7 and gl5 do not represent the 
same genetic locus.  The putative gl7 stocks 411F (Schnable Ac1053, Ac1054, and Ac 1055) 
and 419E (Schnable Ac1056 and Ac1098) were crossed by TB-4Sa to confirm the presence 
of a mutation on the short arm of chromosome 4.  While both stocks contain gl7, Coop stock 
419E was also found to segregate for an allele of gl1.  The gl7 allele from stock 411F was 
designated gl7-ref for this study.  In both gl7 stocks, gl7 is in coupling with a mutant allele of 
v17.  Attempts by the Schnable laboratory and by Stinard (1998) have not been successful in 
isolating a crossover between gl7 and v17, although they appear to be distinct loci because 
non-virescent gl7 alleles have been previously reported (Emerson 1935; Bianchi 1978) but 
those alleles have not been located (Philip Stinard, personal communication).   
Attempts to locate a mutant allele of gl9, described by Coe (1993) as having weak 
glossy expression have proven unsuccessful.  All putative gl9 stocks tested by Schnable et al. 
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(1994), and additional putative gl9 stocks obtained from the Maize Genetics Coop for this 
study (Sprague 93-3382-3; Schnable Ac1097), (Sprague 93-4439-3; Schnable Ac1099) and 
(Coop stock PI267203; Schnable Ac1197-1199) have strong expression of the glossy 
phenotype and have been found to be allelic to gl6. 
The Maize Genetics Coop also located a stock (U440B; Schnable Ac1200-1205) 
containing gl13.  B-A translocation mapping experiments performed by the Schnable 
Laboratory placed gl13 on chromosome 3S.  Allelism tests performed between gl13 and gl19 
revealed the two are allelic, a finding independently established by Philip Stinard (personal 
communication).  Consistent with precedence, the gl19-ref allele has now been renamed 
gl13-19.  Hence, the collection of gl loci prior to this study consisted of 17 gl stocks 
representing 19 gl loci (Table I). 
Chromosome locations for existing gl loci 
With the exception of gl20, gl22, and gl26, the chromosome locations of all gl loci 
have been reported previously (Table I and reviewed by Schnable et al., 1994).  While the 
locations of gl20 and gl22 remain to be determined, analysis of F2 progeny from crosses of 
gl26 with the wx translocation stock 8-9d revealed that gl26 is located on chromosome 8.  
The location of the gl26 locus is further defined by the failure of gl26-ref to be uncovered by 
the B-A translocation stock TB-8Lc.   
Collection of gl* alleles 
Methods for the isolation of Mutator-induced gl alleles have been described 
previously (Schnable et al., 1994).  A total of 51 random tagged Mutator-induced gl alleles 
are included in this study.  These include mutants isolated by the Schnable Laboratory in 
addition to alleles provided by Steve Briggs, Don Robertson, and Bill Cook (see Appendix).  
Twenty-nine of these mutants were described previously by Schnable et al. (1994). 
EMS-induced gl alleles were obtained from several sources.  M1 seed generated from 
EMS-treated A632 pollen (Schnable Lab Ac1195) was obtained from Gerald Neuffer.  The 
M1 progeny were self-pollinated to produce 3877 M2 families.  Approximately 25 seedlings 
from each M2 family were screened for gl mutants.  Thirty-two gl alleles were identified 
from this population (designated GN-A632).  Two alleles were recovered from a population 
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(designated GN2-A632) consisting of an additional 575 A632-M2 families obtained from 
Gerald Neuffer (Schnable lab Ac1182).  M2 seed was also screened for gl mutants.  A screen 
of 410 A619-M2 and 836 A632-M2 families provided by Allan Wright and designated AW-
A619 and AW-A632, resulted in the recovery of three and five alleles, respectfully.  Twenty-
two alleles were recovered from a screen of 2814 M3 families provided by Allan Wright, 
designated AW-Mo17, from an EMS treatment of Mo17 pollen.  Twenty-five EMS-induced 
gl alleles were also obtained directly from Gerald Neuffer.  Fourteen of these alleles were 
previously characterized by Schnable et al. (1994).  Two alleles were obtained from Don 
Auger of the Bill Sheridan Laboratory and an additional 44 uncharacterized gl alleles were 
provided by Philip Stinard from the Maize Coop stocks (USDA/University of Illinois).  
Hence, the collection of gl alleles analyzed included 186 alleles.  The Appendix lists each 
allele, its source, and the allelic status.  
Preparation of gl* stocks for complementation tests 
F2 families segregating for each of the gl* mutants were grown in the genetic nursery 
and glossy seedlings identified.  These glossy plants were self-pollinated and outcrossed to 
wild-type stocks to generate heterozygous seed that could be used for allelism tests.  In those 
F2 families in which glossy seedlings did not survive to maturity, wild-type sibling plants 
were self-pollinated and outcrossed to wild-type stocks.  In all cases self-pollinated progeny 
were grown in sand benches to confirm field scoring, or to identify which wild-type siblings 
carried a gl allele.  Outcrossed seed stocks that were either confirmed heterozygotes or that 
segregated 1:1 for the mutant gl allele were then used for the allelism tests.  Outcrossed seed 
was preferred to homozygous or F2 seed for this purpose because the resulting plants are 
more uniform within and across the mutant lines which makes it easier to conduct the 
allelism tests. 
Genetic stocks 
Stocks carrying the reference allele (gl-ref) for the gl1, gl2, gl3, gl4, gl5, gl6, gl8 gl11, 
gl14, gl15, gl17, gl18, gl19, gl21, gl22, gl25, and gl26 loci are as described by Schnable et al., 
(1994).  B-A translocation stocks for TB-1La, TB-1Sb, TB-2L4464, TB-2S6270, TB-3La, 
TB-3Sb, TB-4L6222, TB-4Sa, TB-5La, TB-5S8041, TB-6Lc, TB-6Sa, TB-7Lb, TB-7Sc, 
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TB-8Lc, TB-9Lc, TB-9Sb, TB-10L19, and TB-10Sc were originally obtained from Don 
Robertson (Iowa State University) and maintained as described by Schnable et al. (1994).  
Crosses between the gl* mutants and the B-A stocks were performed as described by Beckett 
(1978).  Loci that are located at chromosomal positions that are proximal to the translocation 
breakpoints of the individual B-A translocation stocks can not be mapped using the B-A 
translocation stocks.  Such loci were mapped using wx translocation stocks as described by 
Anderson (1943) and Burnham (1982).  The wx translocation stocks 1-98918, 2-9d, 3-9c, 4-9e, 
5-9a, 6-9b, 7-94363, 8-9d, and 9-10b were obtained from Don Robertson.   
The gl26 alleles described in this study are available from the Maize Genetics Stock 
Center.  The gl26 seedlings used for genotyping and quantitative real time were obtained by 
self-pollinating stocks heterozygous for the relevant mutant alleles. Glossy (gl26/gl26) and 
non-glossy (Gl26/Gl26 or Gl26/gl26) seedlings were identified visually.   
DNA Isolation  
DNA samples used for PCR were isolated via the methods of CTAB, a version of 
ROGERS and BENICH(1985) and Dellaporta Version 2.3 (Maize Handbook Chapter 84 
(pages 524-525)), respectively. 
Genetic Mapping  
Analysis of F2 progeny from crosses of gl26-ref with the wx-marked AA 
translocation stock 8-9d revealed that gl26 is located near the centromere on chromosome 8.  
The location of the gl26 locus is further defined by the failure of the gl26-ref to be uncovered 
by the BA translocation TB-8Lc.   
ECR gene was mapped based on insertion deletion polymorphism in IBM 91RILs 
population. Around 1419 IDP marker by ISU maize genetic mapping project and 2048 
marker from Missouri Maize Mapping project were integrated into Maize U-map. 
The primers are designed to amplify the gl26 intron region and UTR. The primers 
enoyl2f (5’ GGCATCGACCTCAAGGACT 3’) and primer enoyl3r (5’ 
AGAAGCAAGTGCCGAAATGT 3’) were used to get band size difference between B73 
and Mo17 inbred line. The genotyping was conducted in IBM 91RILs. The score result was 
input into U-map (http://preview.magi.plantgenomics.iastate.edu/). 
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ER gene was mapped to the region between marker bnlg2235 and mmp166. They are 
in the 8.02bin (http://www.gramene.org/db/cmap/), close to centromere. 
PCR amplification of Mu flanking regions 
The method of Dietrich et al., 2002 was adapted to identify Mu insertion sites within 
the ECR gene.  PCR was performed using the Mu-TIR primer (5’ AGA GAA GCC AAC 
GCC A(AT)C GCC TC(CT) ATT TCG TC3’) in combination with individual ECR-specific 
primers amplify DNA isolated from each of the Mu-induced gl26 mutants (Table 1). The 
approximate locations of the ECR-specific primers are shown in Figure 3.  PCR 
amplification reactions were performed with a PTC-200 (MJ Research, Waltham MA) 
thermal cycler with the following conditions: denature at 94°C for one min, anneal at 60°C 
for 45 seconds and extend at 72°C for 1.5 min for 40 cycles, followed by a final extension at 
72°C for seven min. PCR products were purified using a Qiagen (Valencia, CA) PCR 
Purification Kit (Cat. # 28104) and sequenced.  PCR reactions were performed using the 
following ECR-specific primers: 
Enoyl2f:  5’GGCATCGACCTCAAGGACT3’ 
Enoyl3r:  5’AGAAGCAAGTGCCGAAATGT3’ 
Enoyl4r:  5’AAACCTGCGACATCACACAA3’ 
Enoyl18f: 5’GAAGGCCAGCCTGCTAGAAT3’ 
Enoyl20r: 5’GCCACGACAAGGAAGACGTA3’ 
Enoyl22f: 5’CGTCGGGAATATTTCGTAGC3’ 
Enoyl24r: 5’GGATTCGCTGAGAAGACCTG3’ 
Enoyl26r: 5’GCACAACGTACCGAGTCCTT3’ 
Enoyl28f: 5’ATGCCAACCAGCCTATCATC3’ 
Enoyl30r: 5’- ACTGAGGACAACTGGCTTCC- 3’ 
RNA isolation, gel blotting and qRT-PCR 
RNA was isolated using a scaled-up version of the TRIzol RNA Isolation Method 
(http://afgc.standford.edu/afgc_html/site2Rna.htm#isolation).  Briefly, above-ground 
portions of glossy seedlings were harvested seven days after planting and frozen in liquid N2.  
Four grams of frozen tissue were pulverized and 50 ml TRIzol reagent (38% phenol, 0.8 M 
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guanidine thiocyanate, 0.4 M ammonium thiocyanate, 0.1M sodium acetate, pH 5, 5% 
glycerol) was added and allowed to warm to room temperature (RT).  Samples were then 
heated to 60OC for 5 min before centrifugation at 12,000g for 10 min.  Supernatants were 
mixed with 12 ml chloroform, shaken for 15 sec, and allowed to sit at RT for 5 min before 
being centrifuged at 10,000g for 10 min.  The aqueous phase from each tube was mixed with 
1/2 volume isopropanol and 1/2 volume 0.8 M sodium citrate/1.2 M NaCl.  Samples were 
mixed by inverting several times and allowed to sit at RT for 10 min before centrifugation at 
10,000g for 10 min at 4oC.  The RNA pellet was washed with 75% ethanol and air-dried for 1 
min.  RNA was resuspended in 500 ul diethyl pyrocarbonate (DEPC) treated H20 by 
incubating at 600C for 10 min.  RNA was quantified using a SpectraMax Plus plate reader 
(Molecular Devices, Sunnyvale CA).   
Total RNA (15 ug/sample) was electrophoresed on a 1.25% formaldehyde gel and 
transferred to GeneScreen nylon membrane (Dupont, Boston MS).  Hybridization with a32P-
dCTP labeled probes was conducted as described by the manufacturer.  Templates for 
labeling reactions were obtained by PCR amplification from plasmid DNA as follows: a 600-
bp fragment containing exon one of gl2 (Genbank X88779) was amplified with primers gl2-3 
(5’ AGA GCA GCG GCG AGA AGA AG 3’) and gl2-5 (5’ ACG AGC CAC CAC CAT 
TAC CC 3’) from the gl2 genomic clone pgl2-67(+).  Clone pgl2-67(+) contains the 5.7-kb 
gl2-hybridizing XbaI fragment from the lambda clone l1287-67 that was isolated from a B73 
genomic library constructed in lDash II (Stratagene, La Jolla, CA) by John Tossberg (Pioneer 
Hi-Bred International, Johnston IA) cloned into pBSK.  A 500-bp fragment of gl8 was 
obtained by amplifying the gl8 cDNA clone, pgl8 (Genbank U89509), with primers gab457 
(5’ GGT GGA CGA GGA GCT GAT G 3’) and g24he.p5 (3’ CCT TCT TCT TGG CGT 
CCT TG 3’).  A 580-bp fragment of the GAPDH gene was amplified from pGAPDH with 
primers gapdh-5 (5’ CCT TCA TCA CCA CGG ACT AC 3’) and gapdh-3 (5’ CGG AAG 
GAC ATA CCA GTG AG 3’). 
The gl26-ref allele was introgression into the inbred line B73 for nine generations. 
B73 wildtype plants and gl26-ref mutants were germinated in the same environment and the 
total RNA from air exposure tissue when the third leaf just coming out from the whorl were 
isolated.  
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Primer pair enoyl2f (5’GGCATCGACCTCAAGGACT3’) and enoyl30r were used in 
quantitative real-time PCR, which spans two introns resulting in a 150 bp amplicon when 
amplifying cDNA. Reverse transcription was conducted by using Superscript III (Invitrogen). 
Standard external control RNA of human gene H2 (GeneBank Accession # AA418251) was 
incorporated into the initial RNA samples equally amount before reverse transcription. Real-
time PCR was conducted in Stratagene Mx4000 system. SYBR Green PCR master mix 
(Applied Biosystems) was used and PCR dissociation temperature is 60°C. Data was 
analyzed by 2-ΔΔCt method (Livak et al., 2001). 
Microscopy 
Scanning electron microscopy was performed at the Iowa State University Bessey 
Microscopy Facility on the adaxial surface of the second leaf from 10-day-old seedlings.  
Freshly harvested samples were coated with a 60/40 palladium/gold alloy using a Denton 
Vacuum Desk II LC sputter/etch unit (Moorestown, NJ) and analyzed with a Joel scanning 
electron microscope (model 5800 LV, Kokyo, Japan).  Confocal laser scanning microscopy 
(CLSM) (Hepler and Gunning, 1998) of living propidium iodide stained 10-day-old maize 
lateral roots was performed at the Iowa State University Veterinary Medicine Confocal 
Microscopy Facility with a Leica TCS NT confocal microscope system employing a 
rhodamine filter and a HeNe laser with an excitation wavelength of 543 nm.  Free-hand 
sections of intact maize primary roots from which lateral roots had already emerged were 
stained with the fluorophore propidium iodide (5 µg mL-1) in 5 mM potassium phosphate 
buffer for 30 min (Oparka and Read, 1994), washed three times with distilled water and 
mounted in 75% (v/v) glycerol.  Lateral roots were then analyzed at different magnifications 
and obtained images were processed by the ISU Image Analysis Facility. 
Wax extraction/GC/MS 
Cuticular wax was extracted from the above-ground portion of 9-10 days old maize 
seedlings by immersion in HPLC-grade chloroform for 60 sec.  The chloroform extract was 
filtered through glass wool and reduced to dryness using a rota vapor (BÜhi RE 111).  Dried 
wax was then dissolved in chloroform and subjected to GC-MS chromatographic analysis 
using a 6890 series Agilent instrument (Palo Alto, CA) equipped with a mass detector 5973.  
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Wax constituents were separated on a 30 m long, 0.32 mm i.d. fused silica capillary column 
(HP-1) using He as a carrier gas.  The injection was purged after 1 min.  The injector and 
detector were held at 250oC.  The oven was initially at 80oC and then increased at 5oC/min to 
260oC, held for 5 min, then increased an additional 5oC/min to 320oC and held at this 
temperature for 30 min.  Identification of the wax components was facilitated by access to 
the Hewlett Packard enhanced ChemStationTM G1701 BA version B.01.00 with Windows 
NTTM operating system. 
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FIGURE LEGENDS 
Figure 1.  Photos of 7-day-old sand bench grown B73 and homozygous gl-ref seedlings.  
The locus designation for each gl mutant is indicated in the panel.  Seedlings were 
sprayed with water to help demonstrate the glossy phenotype.  
Figure 2.  Lateral root phenotype associated with gl30-ref.  A) Ten-day-old roots from 
mutant (bottom) and sibling seedling (top).  B) Boxed regions from panel A showing 
short lateral roots.  C) Senescence of seminal root tip indicated by arrow in panel A. 
Figure 3. Confocal images of lateral root from B73 and gl30-ref seedlings reveal normal 
elongation of cortical cell in mutants.  Panels A,C and B,D are at 10x and 40x 
magnifications, respectively.  Images shown are representative of images from four 
mutant and four B73 seedlings. 
Figure 4.  Young microspores from gl35 and B73 plants.  A) Young miscrospores from 
gl35 plants collapse and degenerate resulting in sterile plants that lack mature pollen 
grains.  B) Microspores at a similar stage from B73.  Some microspores form the gl35 
sample appear normal but all microspores degrade during a narrow window in 
microsporogenesis.   
Figure 5. gl8 transcript accumulation in B73 and stocks homozygous for gl8-ref.  The 
left panel contains 15 ug total RNA from 7-day-old B73 seedlings.  The middle lane 
contains 15 ug total RNA from the a non-introgressed gl8-ref stock that has strong 
expression of the glossy phenotype.  The right lane contains 15 ug of total RNA from 
a B73 introgressed gl8-ref stock that has a weakly expressed glossy phenotype.  All 
samples are from the same hybridization and exposure but lanes between B73 and 
gl8-ref were removed for clarity. 
Figure 6. SEMs from B73 and gl mutants at 2000X magnification.  All images are from 
the adaxial surfaces of the second leaf from 8-day-old seedlings.  Epicuticular waxes 
form a dense layer on B73 and are reduced in numbers to varying degrees on each gl 
mutant.    
Figure 7. SEMs from B73 and gl mutants from Fig. 6 at 10,000X magnification.  The 
crystalline structure of the epicuticular waxes is apparent in B73.  The gl mutants 
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have smaller numbers of epicuticular waxes compared to B73.  Epicuticular wax 
morphology also varies between B73 and each of the gl mutants. 
Figure 8. Chain lengths of alcohols present in chloroform extracted cuticular wax from 
B73 and each of the gl mutants.  Alcohols are primarily present in B73 and Class 1 
mutants as C32.   
Figure 9.  Chain lengths of aldehydes present in chloroform extracted cuticular wax 
from B73 and each of the gl mutants. The primary chain length of aldehydes in C32 
in B73 wax.  Each of the Class 1 mutants also accumulates primarily C32 aldehydes.  
Several Class 2A mutants accumulate C30 aldehydes.  gl35 uniquely accumulates 
C18 aldehydes.   
Figure 10.  RNA-gel blot analysis of gl2 and gl8 transcript accumulation in B73 and gl 
mutant stocks.  A) gl2 transcripts accumulate to near normal levels in all gl stocks 
except gl2. B) gl8 transcripts accumulate to near normal levels in all gl stocks except 
gl8 and gl32.  Larger transcripts present in the gl8 lane appear to be a consequence of 
the Mu insertion in the gl8 allele used in this experiment.  C) Hybridization of a 
duplicate blot with GAPDH demonstrates approximately equal loading among 
samples. 
Figure 11.  Seven-day-old seedlings of gl26. These mutants exhibit decreased wax 
accumulation (Figure. 12) and a strong glossy seedling phenotype. a. allele 94-
1581-24 exhibits a pleiotropic adherent phenotype. b. gl26-AEW-A619-27. c. gl26-ref 
(89-2543-44) 
Figure 12. SEMs from B73 (left) and gl26-ref (right) mutants at 2000X magnification.  
All images are from the adaxial surfaces of the second leaf from 8-day-old seedlings.  
Compared to B73, the gl26 mutant accumulated less epicuticular wax. This is 
consistent with the obvious glossy phenotype associated with the gl26 mutant. 
Figure 13.  Structure of the gl26 gene. Mu transposon insertion sites in three 
independent gl26-Mu alleles. The gl26 gene structure was determined by assembling 
two MAGIs and five ESTs. The Mu-TIR primer and gene-specific primers were used 
to amplify gl26-Mu/gl26-Mu genomic DNA. The Mu transposon insertion sites in the 
gl26-ref (solid triangle), gl26-94-1602-24 (striped triangle) and gl26-94-1581-24 
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(open triangle) alleles are 106 bp, 95 bp and 11 bp upstream of the ATG start codon, 
respectively. 
Figure 14. A maize homolog of Saccharomyces cerevisiae TSC13 maps to Chromosome 
8. The closest IDP marker is IDP617. The black arrow indicates genetic map position 
of gl26. 
Figure 15. Quantitative real-time PCR for the gl26 gene in the seedling of wild-type and 
mutant triplicates. The boxplot shows that B73 accumulates about three times more 
gl26 transcripts than the plant homozygous for the gl26-ref allele. The error bars 
indicates the lowest and highest values. Statistical analysis is based on 2-ΔΔCt 
method (Livak et al., 2001). 
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Figure 12. SEMs of B73 (left) and gl26-ref (right) seedlings.  All images are from the 
adaxial surfaces of the second leaf from 8-day-old seedlings (2000X magnification). 
Compared to B73, the gl26 mutant accumulated less epicuticular wax. This is consistent with 
the obvious glossy phenotype associated with the gl26 mutant. 
Figure 11. Seven-day-old seedlings of gl26. These mutants exhibit decreased wax 
accumulation (Figure. 12) and a strong glossy seedling phenotype. a. allele 94-
1581-24 exhibits a pleiotropic adherent phenotype. b. gl26-AEW-A619-27. c. gl26-
ref (89-2543-44) 
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Figure 14.  A maize homolog of Saccharomyces cerevisiae TSC13 maps to Chromosome 8 
using IDPTSC13 marker (not drawn to scale). The closest muscle marker IDP617 is nested 
by bnlg2235 and mmp166, which indicate a bin 8.02 of gl26 locus coincidencely. A synteny 
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Figure 13. Mu transposon insertion sites in three independent gl26-Mu alleles. The 
gl26 gene structure was determined by assembling two MAGIs and five ESTs. The 
Mu-TIR primer and gene-specific primers were used to amplify gl26-Mu/gl26-Mu 
genomic DNA. The Mu transposon insertion sites in the gl26-ref (solid triangle), 
gl26-94-1602-24 (striped triangle) and gl26-94-1581-24 (open triangle) alleles are 
106 bp, 95 bp and 11 bp upstream of the ATG start codon, respectively.  
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was identified between Rice and Maize. Both the maize homolog (mapped by IDPTSC13) 
and rice homolog (LOC_Os01g05670) of TSC13 fall into this synteny.  
 
 
Figure 15.  Quantitative real-time PCR for the gl26 gene in the seedling of wild-type and 
mutant triplicates. The boxplot shows that B73 accumulates about three times more gl26 
transcripts than the plant homozygous for the gl26-ref allele. The diamonds indicate the mean 
value. The arrows indicate the SD. The bars indicate the maximum, median and minimum 
values. Statistical analysis is based on 2-ΔΔCt method (Livak et al., 2001). 
The fold change in expression of gl26 gene 
relative to internal control gene (human gene H2) 
Quantitative real-time PCR for gl26 gene in triplicates 
of B73 and gl26 mutants 
Genotype B73 gl26-ref/gl26-ref 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
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Table I Footnotes 
aGlossy seedlings used for chemical wax analysis, SEMs, and RNA isolations were from 
stocks backcrossed to B73 the indicated number of generations.  NA indicates that analyses 
were not preformed on the locus.  For each locus backcrossing was performed on the gl-ref 
allele, except for gl8 in which gl8-Mu 75-5074 was backcrossed (see results). 
 
bChromosome locations for each of the previous reported gl loci, except gl26, were reviewed 
by Schnable et al. (1994).  Chromosome locations for ad1 and cr4 were previously reported 
by Emerson et al. (1935) and Stinard (1991), respectively.  Loci whose chromosome location 
was identified in this study by crosses to B-A translocation stocks (see Methods and Material 
for stocks used in this study) are indicated by the chromosome number and the arm the locus 
resides on.  Loci that were not uncovered by any of the B-A translocation stocks were 
positioned to a chromosome by analysis of F2 progeny from crosses made by the wx 
translocation stocks are indicated by the chromosome number only.  ND indicates the locus 
could not be mapped by either the B-A or wx translocation series.   
 
cResults from this study. 
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Table III. Isolation of gl26 alleles from Mu transposon stocks and  EMS. 
gl26 alleles Phenotype Origin 
89-2543-44 (ref) good gl Mu 
94-1581-24 adherent gl Mu 
94-1602-24 good gl Mu 
94-1581-23 lethal Mu 
gl* 92 1199-52 good gl Mu 
AEW-A619-27 good gl  EMS 
Ac 501 weak gl EMS 
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APPENDIX FOOTNOTES 
 
a The symbol * indicates that designated allele is the reference allele for that locus. 
 
b Mutants alleles were isolated following Mutator (Mu), Ac/Ds, or EMS mutagenesis.  ND, 
the origin of a mutant is not known.  Mutants isolated from Mu or Ac/Ds stocks are presumed 
to have Mu or Ac/Ds insertion respectively, although this may not necessarily be true in all 
cases.  
 
c The designations of progenitor alleles of EMS-derived mutants are defined in the Materials 
and Methods.  Mu-induced alleles originated from Mu stocks maintained by the labs of 
Patrick Schnable (PS), Don Robertson (DR), Steve Briggs (SB) or Bill Cook and Donald 
Miles (C&M).  The two alleles designated DA were isolated by Don Auger of the Bill 
Sheridan lab from an Ac/Ds stock.  ND, progenitor not known. 
 
d Source designates where the allele was originally identified.  Abbreviations are the same as 
described for progenitor.  Alleles obtained from the Maize Genetics Coop are designated 
Coop and alleles obtained from Gerald Neuffer are designated GN. 
 
e Allelism tests were performed by the Schnable Laboratory except where noted in 
parentheses following the locus designation. 
 
f Reference indicates where the allelism results were first published. 
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APPENDIX A. DIRECTED Mu-TAGGING OF gl6, gl7, gl28, AND gl33  
INTRODUCTION 
454 sequencing technology may make it possible to sequence Mu transposon flanking 
sequences in a high through manner. The general idea of glossy gene cloning is to identify 
multiple Mu insertion sites in the same MAGI among different Mu transposon insertion 
alleles. For example, 75 independent Mu insertion alleles of gl8a were generated and 
sequenced. Most have Mu insertion in the 5’ UTR (Dietrich et al., 2002).  
METHODS 
To prepare for cloning glossy genes in this fashion, multiple Mu insertion alleles were 
generated using the direct tagging method (i.e., the approach used to generate the gl8a, gl3 
and gl4 alleles in the Schnable lab, Dietrich et al., 2002). The gl6 and gl33 experiments were 
planted in the same plot. Similarly, the gl7 and gl28 experiments were planted in another plot. 
Eight hundred glossy mutant plants for each gene were used as males to pollinate ~1,000 de-
tasseled Mu-active plants. The harvested kernels were germinated in a sand bench and 
screened for glossy seedlings. Glossy seedlings were transferred to the greenhouse and 
backcrossed to a stock homozygous for the relevant glossy reference allele to confirm 
allelism.  
RESULTS 
In 2006, isolation plots for tagging gl6, gl7, gl28 and gl33 mutants were conducted. 
Seeds were germinated in sand benches and rare glossy seedlings (putative Mu-tagged 
mutants) were identified and transferred into the greenhouse for pollination (Table 4.). 
REFERENCES 
Dietrich C, Cui F, Packila M, Li J, Ashlock DA, Nikolau BJ, Schnable PS (2002) Maize 
Mu transposons are targeted to the 5’ UTR of the gl8a gene and sequences flanking 
Mu target site duplications exhibit non-random nucleotide composition throughout 
the genome.  Genetics 160: 697-716 
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FIGURE LEGENDS 
 
Table 4. Results of Mu-directed tagging  
gl locus Plot # Kernels generated 
Kernels 
germinated and 
screened 
Mutants 
transplanted 
gl6 1 ~195,900 0 0 
gl7 2 ~344,100 ~258,000 7 
gl28 2 ~354,300 ~217,500 13 
gl33 1 ~236,100 0 0 
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APPENDIX B. IDENTIFYING DEHYDRATASE GENES IN MAIZE 
AND ARABIDOPSIS 
INTRODUCTION 
Four enzymes are thought to be involved in the elongation of VLCFAs synthesis 
(Fehling and Mukherjee, 1991): 3-ketoacyl-CoA synthesase (KCS, Todd et al., 1999)), 3-
ketoacyl-CoA reductase (KCR, Xu et al., 1997), 3-hydroxyacyl-CoA dehydratase (HCD) and 
enoyl-CoA reductase (ECR, Zheng et al., 2005). The yeast YDR036C protein has recently 
been identified as the HCD (personal communication, Rene Lessire). Maize and Arabidopsis 
homologs were identified by querying databases with this yeast dehydratase protein. In this 
appendix, the structure of the putative plant dehydratase protein is analyzed, including 
predictions of its subcellular localization sites and functional domains, genetic mapping of 
candidate loci, and a reverse genetic analysis in maize. 
METHODS 
Five Arabidopsis homologs of YDR036C were identified (personal communication, 
Basil Nikolau). These five Arabidopsis sequences and YDR036C were used to blast the 
MAGI database (http://magi.plantgenomics.iastate.edu/blast/blast.html). Twelve non-
redundant MAGIs and singletons were hit with E-values of less than 6e-8. Similar blast 
analyses were conducted in rice and sorghum, resulting in the identification of four rice and 
one sorghum putative homologs. 
A sequence alignment tree was drawn using the ClustalW tool available from EMBL-
EBI. IDP markers were designed based on the sequences of each MAGI and singleton. PCR 
based genotyping was conducted on the IBM 91 IRILs population (Fu Y et al., 2006) using 
those IDP markers that displayed gel-based polymorphism between B73 and Mo17. 
Additionally, the MAGIs and singletons were blasted to the maize BAC sequencing database 
to assist with chromosomal assignment. WoLF PSORT (http://wolfpsort.cbrc.jp/ Horton, 
2006) was used to predict subcellular location. ProtComp 6.0 
(http://www.softberry.com/berry.phtml?) was used to predict transmembrane regions. PSITE 
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(http://www.softberry.com/berry.phtml?) was used to search for functional motifs in 
candidate proteins. 
Mu screening was conducted using Schnable Lab protocols.  
Primers used for genetic mapping: 
gb|CC006292.1  CC006-3f  TAGCATATGGGCCTCCCTTT 60 
CC006-4r  TGTTGCGATGTCATTTCCAT 
MAGI_39520  M395-5f  CGTCTTCCAAAGCCTGTCAT 64 
M395-8r  TCTAGGCAGAAAGCTGGCTT 
MAGI_18012  M180-ex-5f  TCATGGGTTTAGGTGCTGGT 63 
M180-utr-7r  GATTGAAGGTCACGGGAGAA 
MAGI_94704  M947-pr-2f  ATTGTCTGTGCCCCCTCTTA 60 
M947-pr-3r  CGTATCTGGAAATGCAAAGGA 
MAGI_105966  M105-pr-1f  TGTAACCCCCTACTGCAAGC 55 
M105-ex-4r  AGGTGTTCAAGGGCGATGT 
RESULTS 
The five Arabidopsis homologs of YDR036C and the corresponding maize MAGIs 
and singletons are listed in the Table 5a. Fgenesh predictions and ESTs alignments were used 
to determine the ends of protein sequences; a few of the MAGIs have predicted full length 
protein sequences. Intron-flanking, gene-specific primers were designed as IDP markers. 
Primer pairs with gel-based size polymorphisms between B73 and Mo17 were used to 
conduct genetic mapping experiments on the IBM94 RILs; the resulting mapping data are 
listed in table 5b. All MAGIs were blasted to the collection of sequenced maize BACs to 
assign chromosome location.  
To better predict which of the YDR036C homologs function in the VLCFAs pathway, 
the sites of subcellular location of these proteins were predicted using WoLF PROST (Table 
6). Known genes, such as gl8a, gl26, At3g55360 and yeast YDR036C were used as controls. 
The GL8A protein has an experimentally determined subcellular location in the endoplasmic 
reticulum (ER, Xu et al., 2002). The WoLF PROST software predicts that the GL8A protein 
accumulates in the plasma membrane and ER. Since the four enzymes sequentially catalyze 
the elongation of VLCFAs, a common subcellular location is expected. However, enoyl CoA 
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reductase encoded by gl26 and At3g55360 are both predicted by WoLF PROST to 
accumulate in the cytosol and plasma membrane. Yeast YDR036C was predicted to 
accumulate in both the mitochondrial and ER. Four of the five predicted Arabidopsis 
dehydratases are predicted to accumulate in the cytosol. The MAGIs show different patterns. 
MAGI_94704 and MAGI_76947 are both predicted to accumulate in the peroxisome. 
MAGI_47174 and MAGI_39520 are both predicted to accumulate in the cytotosol, 
mitochondria and nucleus. 
ProtComp 6.0 was used to predict the transmembrane domains of the proteins 
encoded by gl8a, gl26 and At3g55360 (Table 7). Only the GL8A and GL26 were detected to 
have transmembrane sequences. Three of four Arabidopsis candidate dehydratases and 
MAGI_39520 and singleton gb|CC006292 have predicted transmembrane domains. PSITE 
was used to search for functional motifs. Both MAGI_39520 and yeast YDR036C were 
found to contain the enoyl-CoA hydratase/isomerase signature (Table 8), which is the 
catalytic site. MAGI_39520 has the best evidence for being the dehydratase. It is the only 
one with the characteristic enzyme signature that contains transmembrane segments, and is 
predicted to accumulate in the cytosol, mitochondria and nucleus. Hence, a reverse genetic 
approach was undertaken to screen for a mutant in this MAGI. 
DNA samples from 3,600 Mu-active families were screened using PCR primers 
(Figure 16) designed based on the LTIRs of Mu transposons and gene-specific flanking 
sequences. Five alleles with insertions around MAGI_39520 were confirmed by sequencing 
(Table 9). Alleles 1A9 and 6C7 were germinated. Three weak glossy plants were identified in 
a family segregating for allele 1A9. No glossy plants were identified in a family segregating 
for allele 6C7. The three glossy plants from the first family were genotyped; two of them 
were heterozygous for the 1A9. Heterozygous mutants from both families were transferred to 
the greenhouse for pollination.  
The Arabidopsis microarray database was used to test the hypothesis that the four 
enzymes involved in VLCFAs synthesis are co-regulated. If true, Arabidopsis homologues of 
gl8a should be co-regulated with Arabidopsis homologues of gl26 and both should be co-
regulated with the dehydratase gene. This would make it possible to predict the dehydratase 
gene of Arabidopsis from the five candidates (Table 10).  
 67 
At1g67730 was used to query the Matrix atge0100 for co-regulated genes of lipid 
metabolism (http://csbdb.mpimp-golm.mpg.de/). Spearman’s correlation algorithm was used 
to statistically analyze the data (Steinhauser et al., 2004). Data suggested At1g06550 is 
significantly co-regulated with At1g67730 (gl8a homolog) and At3g55360 (ECR homolog) 
with correlation measure equal to 0.657 based on 63 individual experiments (Table 11). On 
the other hand, At1g60550 (homolog of the MAGI_39520, putative dehydratase based on 
previous analysis) exhibits a negative correlation with At1g67730 (gl8a homolog). The 
accumulations of transcripts for At1g67730 (gl8a homolog), At3g55360 (ECR homolog), 
At1g60550 (candidate one based on sequence analyses) and At1g06550 (candidate two based 
on co-regulation analysis) are displayed in the different biological experiments (Figure 17).  
DISCUSSIONS 
The fact that MAGI_39520 has the characteristic enzyme signature, transmembrane 
segments, and predicted accumulation in the cytosol, mitochondria and nucleus suggests it 
may encode the dehydratase involved in VLCFAs synthesis. On the other hand, a reverse 
genetic approach has not yet identified homozygous Mu insertion allele that could be used to 
test this hypothesis. This could indicate that homozygous mutants of this gene are lethal as is 
true for the gl8a and gl8b double mutant and some alleles of gl26. On the other hand, the 
families analyzed were small.  
In co-regulation analyses of the Arabidopsis transcriptome with At1g67730 (the 
homologue of gl8a) and At3g55360 (the homolog of ENR), At1g06550 had a better 
correlation than At1g60550 (the homolog of MAGI_39520, putative dehydratase). Based on 
this result it is proposed to subject both At1g06550 and At1g60550 to reverse genetic 
analysis to establish which encodes the dehydratase.  
REFERENCES 
Fu, Y, Wen TJ, Ronin Y, Chen HD, Guo L, Mester DI, Yang Y, Lee M, Korol AB, 
Ashlock DA, Schnable PS (2006) Genetic dissection of intermated recombinant 
inbred lines using a new genetic map of maize. Genetics 174: 1671–1683. 
Horton P (2006) Protein subcellular localization prediction with WoLF PSORT.  
Proceedings of Asian Pacific Bioinformatics Conference APBC06 pp. 39-48 
Steinhauser D, Usadel B, Luedemann A, Thimm O & Kopka J (2004b). CSB.DB: a 
comprehensive systems-biology database. Bioinformatics 20, 3647-3651 
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FIGURE LEGENDS 
Table 5a.  Maize genomic sequences identified via blast genomes using the yeast HCD 
dehydratase gene (YDR036C) and Arabidopsis homologs of this HCD gene 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* no data; NP: no polymorphism 
 
 
Yeast or 
Arabidopsis 
locus
MAGI3.1 or GSS E-value
Aligned 
amino acid 
length
Full length 
of coding 
sequence
Closely linked 
genetic marker or 
associated BAC 
contig and 
chromosomal 
assignment
YDR036C MAGI_94704 6e-08 191 yes IDP2146, ch8
gb|CC006292.1 8e-07 128 * IDP1500, ch7
MAGI_105966 2e-04 120 * IDP63, ch5
MAGI_18012 0.035 77 * npi234a, ch1
At1g06550 MAGI_47174 2e-12 235 *
AC155499 (BAC), 
ch7, NP
gb|CC603534.1 3e-11 117 5',3' absent NP
gb|CC366105.1 2e-06 34 * NP
MAGI_106689 1e-05 79 * NP
MAGI_94704 1e-05 192 yes IDP2146, ch8
At1g60550 MAGI_39520 3e-38 452 yes IDP3849, ch3
MAGI_57501 5e-23 76 * NP
MAGI_24346 5e-12 58 * NP
MAGI_105966 1e-10 204 * IDP163, ch5
MAGI_94704 1e-09 180 yes IDP2146, ch8
gb|CG067332.1 9e-06 30 * NP
At4g13360 MAGI_11294 7e-19 78 5' absent NP
MAGI_96886 4e-08 38 * NP
MAGI_96885 1e-07 38 * NP
MAGI_105966 0.001 110 * IDP163, ch5
At4g14440 MAGI_76947 2e-51 231 yes NP
MAGI_104662 4e-44 227 yes NP
MAGI_107260 3e-20 122 yes NP
gb|CG379899.1 2e-12 69 * NP
MAGI_71717 8e-06 74 * NP
At4g16210 MAGI_105966 2e-42 237 * IDP163, ch5
MAGI_94704 7e-18 188 yes IDP2146, ch8
MAGI_9196 2e-06 35 * NP
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Table 5b. Genetic mapping results for MAGIs and GSS 
MAGIs or GSS Mapping raw data in IBM 91 IRILs 
1 
gb|CC006292.1
1112221111121211222111111212221111111112111121121212222122
221112112221211111122222211221121
MAGI_39520
2211112122111121210222212222212212122221212122111222212211
221212212122212111122222121222222
MAGI_18012
1221111212112111221210111112111122111112211210112121222221
111212112101222122211111122111222
MAGI_94704
2222221211122122220211222111221121212112222121212121111122
212122221221112221121222221122221
MAGI_105966
1111211111112212211210112122122201211111212210121211211121
121111111101211111112111111121210  
1 IBM 91 IRILs (Fu Y et al., 2006) 
 
Table 6. Subcellular location predictions for candidate proteins by WoLF PROST software 
 Candidate 
protein ID cyto cyto_p E.R. cyto_m cyto_n nucl mito extr plas pero golg chlo vacu 
At1g06550 15 * * * 13 9 * * * 1 1 * 1 
At1g60550 15 * * * 11 5 5 * * 2 * * * 
At4g13360 25 * * * 14 * 1 * * * * * * 
At4g14440 16 * * * * * 11 * * * * * * 
At4g16210 4 * 4 * 3. 5 * 3 * 2 13 * * * 
MAGI_94704 8. 5 * * * 5 * 2 * 1 15 * * 3 
MAGI_105966 8. 5 * 1 * 5 * 5 5 2 2 * * 3 
MAGI_18012 * * * * * * 1 25 * * * * * 
MAGI_47174 11 * * 9 11.8 9. 5 5. 5 * * 1 * * * 
MAGI_39520 14 * * * 10 4 7 * * 2 * * * 
MAGI_76947 7 * 1 * 5 * 2 * * 16 * * * 
MAGI_104662 14.5 * 1 * 8. 5 1. 5 7 1 * 2 * * * 
MAGI_107260 14 * 1 * * 1 5 5 * 1 * * * 
gb|CC006292.1 * * 3 * * * 7 * 16 * 1 * * 
gb|CC603534.1 6. 5 * 2 * 7 6. 5 6 2 4 * * * * 
GL8A * 4 5 * * * * * 6. 5 * 1 * 1 
GL26 1 11 * * * * * * * * * 2 * 
At3g55360 * 7 * * * 1 2 * 1 1 * 2 * 
YDR036C predict at mitochondrial, but with ER membrane retention signal: DRCC 
Note: index indicates the weights of prediction. cyto:cytosol; ER: endoplasmic reticulum;  
nucl:nucleus; mito: mitochondria; extr: extracellular; plas: plasma membrane; pero: 
peroxisome; golg: golgi body; chlo: chloroplast; vacu: vacuole; ‘-’ indicate dual localization. 
‘*’ indicates weights do not exist. 
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              Table 7. ProtComp 6.0 transmembrane prediction 
 
  Candidate 
protein ID 
Positions of ProtComp 6.0 predicted transmembrane 
domains (amino acid positions) 
GL26 224:238, 292:310, 388:402 
GL8A 68:81, 110:130 
At3g55360 None 
At1g60550 174:186 
At4g13360 159:171 
At4g16210 107:120, 1403:1417 
SAMI_58258 147:160 
MAGI_39520 173:185 
gb|CC006292 57:72,137:154 
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Table 8. Analysis of dehydratase candidates using PSITE 
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MAGI_94704 X X X X X
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MAGI_39520 X X X X X X X
MAGI_76947 X X X X X X X X X
MAGI_104662 X X X X X X X
gb|CC006292.1 X X X X X
MAGI_107260 X X X
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Table 9. Identified Mu-insertion alleles in MAGI_39520 
 
Mu-stock # Primer Mu insertion site 
1A9 M395-17r 37 bp upstream of ATG 
6C7 M395-17r 150 bp upstream of ATG 
33A5 M395-9f 650 bp downstream of 3' UTR 
22C6 M395-7r-(f)* 650 bp downstream of 3' UTR 
36G5 M395-9f 600 bp downstream of 3' UTR 
 
* 22C6 was detected by unspecific amplification of primer M395-7r and primer Mu-TIR 
because further analysis suggest there is one site in gene eighth intron, 2889bp from start 
point, which has 62% identity with primer 7r with forward direction (labeled at 7r-(f) in 
Figure 16). 
 
 
 
 
Table 10. List of glossy genes in maize VLCFAs and Arabidopsis homologs  
 
Protein Maize Arabidopsis 
Enoyl-CoA reductase (ECR) gl26 At3g55360 
gl8a At1g67730 Beta-ketoacyl-CoA reductase 
(KCR) gl8b At1g24470 
MAGI_47174 At1g06550 
MAGI_39520 At1g60550 
MAGI_11294 At4g13360 
MAGI_76947 At4g14440 
Candidate dehydratase (HCD) 
MAGI_105966 At4g16210 
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Table 11.  Spearman correlation of expression of the Arabidopsis At1g67730 (the 
homologue of gl8a) and the At3g55360 (the homolog of ECR), as well as five Arabidopsis 
dehydratase candidates  
rank Spearman  gene gene description n 
p-
value 
CI(1) power d(MI)(2) d(E)(3) 
16 0.6593 At3g55360 
3-oxo-5-alpha-
steroid 4-
dehydrogenase 
family protein / 
steroid 5-alpha-
reductase family 
protein 
63 
4.22E-
09 
[0.4718, 
0.7897] 
0.9998 0.8275 0.2499 
18 0.657 At1g06550 
enoyl-CoA 
hydratase/isomerase 
family protein 
63 
4.98E-
09 
[0.4688, 
0.7881] 
0.9998 0.7316 0.2985 
36 0.5336 At4g14440 
enoyl-CoA 
hydratase/isomerase 
family protein 
63 
6.69E-
06 
[0.3138, 
0.6991] 
0.9907 0.8546 0.27 
102 0.2124 At4g16210 
enoyl-CoA 
hydratase/isomerase 
family protein 
63 
9.47E-
02 
[-0.0402, 
0.4395] 
0.3791 0.9626 0.4077 
194 -0.2299 At4g13360 
enoyl-CoA 
hydratase/isomerase 
family protein 
63 
6.99E-
02 
[-0.4546, 
0.0223] 
0.4324 0.7774 0.4369 
211 -0.3678 At1g60550 
naphthoate 
synthase, putative / 
dihydroxynaphthoic 
acid synthetase, 
putative / DHNA 
synthetase 
63 
3.02E-
03 
[-0.5699, 
-0.1238] 
0.8245 0.9635 0.5343 
(1) confidence interval; (2) d(MI), distance range; (3) d(E), normalized Euclidean distance 
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Figure 17. (panel 1) Transcript accumulation of four genes among development-related 
conditions. 
 
 
 
Figure 17. (panel 2) Transcript accumulation of four genes among stress-related treatments. 
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APPENDIX C. IDENTIFY THE MORPHOLOGICAL 
PERTURBATIONS ASSOCIATED WITH THE MAIZE gl8 DOUBLE 
MUTANT 
INTRODUCTION 
The gl8a and gl8b genes are paralogs with 97% sequence identity at the protein level. 
Cuticular wax analysis of gl8a and gl8b mutants suggested that these paralogs have at least 
overlapping functions (Dietrich et al., 2005). The gl8a and gl8b double mutants are lethal. 
They have normal endosperms but degenerated scutella and embryos (Dietrich et al., 2005).  
In this study, the stage at which morphological perturbations first become visible were 
analyzed using light microscopy.  
MATERIAL AND METHODS 
Crosses were set up as follows. gl8a-Mu 77-3134 and gl8b-Mu BT94-149 are Mu 
transposon insertion alleles. gl8a-Mu 91g-159 and gl8b-Mu-BT94-149-d2 are deletion or 
partial deletion alleles (Dietrich et al., 2002) 
Cross 1: gl8a-Mu 77-3134/Gl8a; gl8b-Mu BT94-149 /gl8b-Mu BT94-149 self 
Cross 2: gl8a-Mu 77-3134/gl8a-Mu 77-3134; Gl8b /Gl8b x gl8a-Mu 77-3134/Gl8a; 
gl8b-Mu BT94-149 /gl8b-Mu BT94-149 
Cross 3: Gl8a /Gl8a; gl8b-Mu BT94-149 /gl8b-Mu BT94-149 x gl8a-Mu 77-
3134/Gl8a; gl8b-Mu BT94-149 /gl8b-Mu BT94-149 
Cross 4: gl8a-Mu 91g-159 / gl8a-Mu 91g-159, gl8b-Mu-BT94-149-d2 /Gl8b self 
Cross 5: gl8a-Mu 91g-159 / Gl8a, gl8b-Mu-BT94-149-d2 /Gl8b x gl8a-Mu 91g-159 / 
Gl8a, gl8b-Mu-BT94-149-d2 / gl8b-Mu-BT94-149-d2 
Embryos were used from kernels collected and fixed in 0.1M cacodylate solution 
containing 1% osmium.  After dehydration, samples were embedded in Spurr’s resin. A 
microtome was used to achieve consecutive ~1um sections. Toluidine Blue (1%) was used as 
a stain and samples were observed under a Nikon Eclipse E800 light microscope. 
RESULTS 
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Selfed cobs of heterozygous gl8a and homozygous gl8b (cross 1) segregated for small 
kernels that contains a little black vestige in the embryo's position (Figure 18). Pollen from 
the same plant used in cross 1 was used to pollinate homozygous gl8a (cross 2) or 
homozygous gl8b (cross 3). Neither of these crosses yielded abnormal kernels. Statistical 
analyses of a dozen cobs from cross 1 and cross 4, all showed smaller size kernels 
segregation with small χ2 value (Table 12) except the selfed seeds of 04-1269-2. 
On one hand, this particular case might be due to a false positive genotyping result. 
For example, if the genotype of the selfed plant was heterozygous gl8a and gl8b instead of 
homozygous gl8a and heterozygous gl8b, the expected segregation would be 15:1. The χ2 
calculated by expectation of 15:1 would be 0.8. On the other hand, both cobs from cross 4 
yield χ2 less than 3.84, because the homozygous of gl8a-Mu 91g-159 might a partial defect in 
transmission.  
To test whether small kernels are viable, twenty smaller kernels and ninety-four 
normal kernels from selfed 04-1276-9 (cross 1) were germinated. None of the smaller kernels 
could germinate and no DNA was isolated from them. In contrast, all of the normal kernels 
germinated segregated 1:2 for Gl8a/Gl8a and Gl8a/gl8a (Table 13). No homozygous gl8a 
plants were identified among these seedlings. 
Small kernels from the cross 1 were fixed and embedded at 4 days after pollination 
(DAP). Consecutive sections with ~1 um thickness were examined via light microscopy. 
Compared with kernels from the inbred B73 at the same stage of the development, the 
development of gl8a and gl8b double mutant embryos is retarded (Figure 19). The embryo 
sac is formed and the embryo starts to divide at a stage by which the embryo of B73 has 
accumulated a lot of divided cells.   
Homozygous gl8a and gl8b kernels harvested 16 DAP were processed similarly and 
analyzed via light microscopy. At this stage, the mutant embryo is disorganized (Figure 10) 
and does not exhibit the embryo structure seen in B73 kernels.  
DISCUSSION 
This study showed that the lethality of double mutants of gl8 duplicate genes is 
proceeded by the development of disorganized embryos. There are several possibilities that 
could explain the embryo lethality. The first is that fertilization may not occur at all. Previous 
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study suggests that the cuticle functions in pollen-stigma interaction (Preuss et al., 1993).  
The gl8a and gl8b double mutant may substantially decrease the accumulation of the waxes 
in cuticle, which might affect the function of cuticle in pollen stigma interaction. But our 
observation showed fertilization does indeed occur. The double mutant embryo just begins to 
divide at 4 DAP. Consequently, the embryo of the double mutant lacks solid shape at 16 
DAP, which may due to chaotic cell division. Also the double mutant endosperm is only half 
the size of B73 embryos of the same age (Figure 21). Our observation of the development of 
embryo and endosperm indicates that fertilization does happen in gl8a and gl8b double 
mutants.  
The second possibility for the lethality of gl8 double mutants is that the reduction of 
sphigolipids accumulation, one of the metabolic products of VLCFAs, initiates cell death in 
gl8a and gl8b double mutants. This hypothesis is supported by the fact that ceramide 
moieties of sphigolipids are significantly reduced in gl8a and gl8b double mutants as 
compared to wild type controls (Dietrich et al., 2005). Consistent with this hypothesis, 
additional evidence of the involvement of sphigolipids in programmed cell death (PCD) has 
been reported in several recent studies. The mutant of acd11, a gene encoding the 
sphingosine transfer protein of Arabidopsis, activates PCD via the salicylic acid pathway 
(Brodersen et al., 2002, 2005).  Sphingosine LCB1 and LCB2 form a heterodimer, which 
catalyzes the first step of sphingolipid synthesis, and like the gl8 double mutant the LCB1 
mutant gene is also embryo lethal (Chena et al., 2006).  
A third possibility that ceramides per se, rather than sphigolipids, might be 
responsible for the embryo lethality in gl8a and gl8b double mutants was suggested by recent 
studies. A review addressed that either ceramids or their sphigolipids derivatives can 
determine cell fate in plants (Chalfant et al., 2005). PCD induced by ceramids or sphigolipids 
depends on different pathways. In contrast to the ceramide, which is dependent on the 
calcium-based signal pathway (Ng et al., 2001), phosphorylated sphingosine relies on a G-
protein mediated process in controlling stomatal aperture and cell proliferation (Wang et al., 
2001; Coursol et al., 2005). Ceramides and sphigolipids are metabolically interconvertable. 
Therefore, it is difficult to distinguish the second and third hypothesis by measuring the 
quantities of both compounds directly.  However, microarray data might help us to study the 
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negative co-response effect of G-protein mediated pathway and calcium-based pathway to 
gl8a and gl8b. The pathway that is negatively related to gl8a and gl8b expression may be 
responsible for embryo lethality. A mutation screen was conducted for suppressors of the 
gl8-induced embryo lethality, but no suppressor was isolated after screening over 7,000 EMS 
M2 families (data not shown).  
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Figure 18. The small kernels segregation in the cobs 
 
 
 
 
 
 
 
 
  a/A;b/b self              a/a;B/B  x    a/A;b/b               a/A;b/b self           A/A;b/b x  a/A;b/b 
04-1274-1 self 04-2060-3 x 1274-1 04-1274-7 self 04-2063-4 x 1274-7 
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Table 12. Smaller size kernels segregation in cobs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 as determined via PCR; a/A: gl8a/Gl8a; b/B: gl8b/Gl8b 
2 double mutant phenotype 
3 observed ratios with χ2 values > 3.84 are statistically different than the expected (p = 
0.05). 
 
 
Table 13. Genotype of seedlings from 04-1276-9 (crosss 1) 
 
Pedigree 04-1276-9 (cross 1) 
Total seedlings germinated 94 
Gl8a/Gl8a, gl8b/gl8b 37 
gl8a/Gl8a,gl8b/gl8b 57 
Expected ratio 1:2 
χ2 4.25 
 
 
Cross Genotype1 Total kernels Normal Abnormal
2 
Exp 
ratio 
for 
n/abn 
χ2 3 
04-1274-1 (cross 1) a/A;b/b 293 210 83  3 : 1 1.7 
04-1274-7 (cross 1) a/A;b/b 345 274 71  3 : 1 3.6 
04-1277-4 (cross 1) a/A;b/b 324 257 67  3 : 1 3.2 
04-1276-2 (cross 1) a/A;b/b 311 247 64  3 : 1 3.2 
04-1276-9 (cross 1) a/A;b/b 398 308 90 3 : 1 1.2 
04-1280-7 (cross 1) a/A;b/b 350 254 96  3 : 1 1.1 
04-1279-2 (cross 1) a/A;b/b 349 273 76  3 : 1 1.9 
04-1269-1 (cross 4) a/a;b/B 342 281 61  3 : 1 9.4 
04-1269-2 (cross 4) a/a;b/B 334 309 25  3 : 1 54.6 
04-1252-5/1260-3 
(cross 5) 
a/A;b/B x 
a/A;b/b  361 328 33  7 : 1 3.7 
04-1249-7/1260-3 
(cross 5) 
a/A;b/B x 
a/A;b/b  219 201 18  7 : 1 3.7 
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60 µm 
60 µm
 
80 µm 
Figure 19. a. sectioning of gl8a and 
gl8b mutant kernel (S1) 4 DAP, 40 
X; b. sectioning of gl8a and gl8b 
mutant kernel (S2) 4 DAP, 40 X; c. 
sectioning of B73 kernel (S3) 4 
DAP, 20 X. 
 
 
 
a 
b 
c 
 84 
 
 
Figure 21. The endosperms in 16 DAP. The endosperm of B73 (left). The arrow points to the 
embryo. The endosperm of gl8a and gl8b double mutant (right). 
1 mm 
 0.20 mm 0.20 mm 
0.30 mm Figure 20. e. 
sectioning of gl8a 
and gl8b mutant 
kernel (S4) 16 
DAP, 10 X; f. 
sectioning of gl8a 
and gl8b mutant 
kernel (S4) 16 
DAP, 4 X; g. 
sectioning of B73 
kernel (S5) 16 
DAP, 10 X. 
 
e g 
f 
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APPENDIX D. EPIGENETIC STUDIES OF THE gl8a-ref ALLELE 
INTRODUCTION 
The gl8a-ref allele was obtained from Don Robertson (Iowa State University). This 
allele exhibits a strong glossy phenotype and behaves as a simple Mendelian recessive 
mutation. Unexpected, upon introgression of this allele into B73, in some case self-
pollination heterozygous individuals fails to yield glossy seedlings. Analysis of over 3.8 kb 
of the gl8a locus in both B73 plants and those homozygous for the gl8a-ref allele indicates 
that this interval includes the entire coding region failed to detect any sequence 
polymorphisms. We though hypothesis that gl8a-ref is an epi-allele (Dietrich et al., 2002).  
METHODS AND RESULTS 
To determine how many generations of backcrosses into B73 is necessary for 
attenuation of the glossy phenotype, backcrosses of gl8a-ref allele were made to the inbred 
line B73 in successive generations. Self-pollination of the F1 ears from each generation 
yielded F2 families. Each generation these F2 families were screened for the segregation of 
glossy seedlings. There was no diminished glossy phenotype on visual level before the sixth 
generation of backcrossing. Interestingly, beginning after six to seven generations of 
introgression into B73, the gl8a-ref mutant began to exhibit the attenuated glossy phenotype.  
Firstly, we self-pollinated three gl8a-ref mutants, which had been backcrossed into 
B73 for six times and showed strong glossy phenotype. One of the self-pollination families 
maintained the strong glossy phenotype among all progeny. But weak glossy plants were 
identified within the other two families (Table 14). Thus, the glossy phenotype diminished in 
the process of backcrossing. 
Secondly, when one mutant with a strong glossy phenotype as observed above was 
backcrossed into B73 one more time, followed by self-pollination of heterozygous plants to 
produce F2 families, only three of the eight F2 families segregated glossy seedlings; the 
remaining five F2 families were all non-glossy. In addition, instead of a strong glossy 
phenotype and the expected segregation ratio of 3:1 in the three F2 families, these families 
segregated for a weak glossy phenotype with a lower than expected ratio (Table 15). 
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Independently, another introgression of gl8a-ref allele generated similar results after seven 
backcrosses (Table 16). Therefore, gl8a-ref is not stably expressed in these populations.  
Examination of ten years of field books revealed that all families showing reduced 
expressivity that can be traced back to a single cross in 1996 (Figure 22). 
DISCUSSION 
Based on the observation of the reduced expressivity of the gl8a-ref allele and the 
absence of sequence lesions in this locus, we hypothesis that epigenetic factors (e.g., 
chromatin structure modification) might alter the glossy phenotype associated with the gl8a-
ref allele. Promoter methylation is a common modification related to gene silencing, and has 
been well studied in both plant and mammal cells (Simon W.-L Chan et al., 2005, Deng et al., 
2004). Particularly, a few studies suggested CpG islands play an important role in locating 
the methylation site (Simpson et al., 2000, Pogribny et al., 2000). We examined a 6,817 bp 
interval of the B73 allele of the gl8a gene using GrailEXP 3.3 online software 
(http://compbio.ornl.gov/grailexp/). Three candidate CpG islands were identified spanning 
upstream of the 5’ UTR and the first exon (Figure 23). Thus, we plan to use bisulfits 
treatment to examine the methylation status in these CpG islands.  
The gl8a gene maps to the long arm of chromosome V (Schnable et al., 1994), close 
to centromere. Interestingly, computer based sequence analysis for gl8a locus predicts a 14 
bp core sequence of chicken beta-globin (FII) insulator, which is the CTCF binding site in 
the H19/Igf2 imprinting study (Hark et al., 2000, Adrian Bird, 2002). This predicted core 
sequence is located 1.7 kb upstream of the predicted promoter region of gl8a gene (Figure 
24). We hypothesis that hypermethylation of this region may prevent CTCF protein binding, 
and thereby facilitate transcription. If hypermethylation is not maintained in the gl8a-ref 
allele, the enhancer can not access the promoter so that the gl8a-ref mutant exhibits a glossy 
phenotype due to reduced transcription. According to the hypothesis, once gl8a-ref was 
backcrossed into B73 in a few times, this allele re-gains the hypermethylation and exhibits 
reduced expressivity. 
Whether the hypermethylation in CpG islands or hypomethylation in the insulator 
cause the gl8a gene silence in gl8a-ref allele? More information will be required to answer it. 
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FIGURE LEGENDS 
 
Table 14. Glossy phenotype of the homozygous of gl8a-ref after six generations of 
backcrosses into B73 
Phenotype of Progeny 
Pedigree Genotype 
Phenotype 
of Parents 
Strong 
glossy 
weak 
glossy 
Non 
glossy 
04-1352-1 self 
gl8a-ref/gl8a-
ref(B73-6)self 
Staked gl 4 0 0 
04-1352-2 self 
gl8a-ref/gl8a-
ref(B73-6)self 
Staked gl 3 2 0 
04-1352-3 self 
gl8a-ref/gl8a-
ref(B73-6)self 
Staked gl 2* 3 0 
* fair glossy, not strong. 
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Table 15. Glossy segregation in self-pollination of the heterozygous gl8a-ref, which was 
backcross to B73 for six generation. 
Phenotype of Progeny 
Pedigree Genotype Strong 
glossy 
weak 
glossy 
Non 
glossy 
04g-2060-10 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 1 11 
04g-2060-8 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 1 8 
04g-2060-5 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 2* 8 
04g-2060-9 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 0 10 
04g-2060-6 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 0 10 
04g-2060-4 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 0 10 
04g-2060-3 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 0 10 
04g-2060-1 
self 
gl8a-ref/Gl8a 
(B73-6) self 
0 0 10 
Note: heterozygous gl8a-ref is generated by crossing 04-1352-1 male to B73 female. 
* fair glossy, not weak. 
 89 
Table 16. Glossy segregation in F2 as gl8a-ref allele was backcrossed to B73 for seven 
generations. 
Phenotype of Progeny 
Pedigree genotype 
Phenotype 
of parents 
Strong 
glossy 
weak 
glossy 
Non 
glossy 
04-1356-3 
self 
gl8a-ref/Gl8a 
(B73-7) self 
staked gl 1 0 3 
04-1356-10 
self 
gl8a-ref/Gl8a 
(B73-7) self 
staked gl 1 0 4 
04-1356-9 
self 
gl8a-ref/Gl8a 
(B73-7) self 
staked gl 2* 0 3 
04-1356-6 
self 
gl8a-ref/Gl8a 
(B73-7) self 
staked gl 0 0 5 
04-1356-1 
self 
gl8a-ref/Gl8a 
(B73-7) self 
non gl 2 4* 3 
04-1356-2 
self 
gl8a-ref/Gl8a 
(B73-7) self 
non gl 4 0 16 
04-1356-4 
self 
gl8a-ref/Gl8a 
(B73-7) self 
non gl 1* 0 15 
04-1356-5 
self 
gl8a-ref/Gl8a 
(B73-7) self 
non gl 1 1 13 
04-1356-12 
self 
gl8a-ref/Gl8a 
(B73-7) self 
non gl 1* 0 19 
04-1356-8 
self 
gl8a-ref/Gl8a 
(B73-7) self 
non gl 5* 0 14 
 
* fair glossy. 
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Figure 22. Pedigree analysis of gl8-ref backcrossed into B73 
 
 
Figure 23. GrailEXP 3.3 to analysis the potential CpG islands of gl8a-B73  
95g-6212 
B73 
x 95g-6177-7 
gl8a-ref / Gl8a (B73-4) 
96-1308-4 
gl8a-ref / Gl8a (B73-5) x 
96-1326-9 
B73 
self 04-1351-1 
gl8a-ref / gl8a-ref 
Staked glossy self 
All strong glossy 
98-5136-2 
gl8a-ref / Gl8a (B73-6) x 
98-5147 
B73 
97-1905-1 
gl8a-ref / Gl8a (B73-6) 
self glossy segregation 
97g-6316-1 
gl8a-ref / gl8a-ref  self All glossy 
98-9116 
gl8a-ref / gl8a-ref 
self 
04-1352 
gl8a-ref / gl8a-ref 
Staked glossy 
self 
glossy expressivity 
98g-1963-9 
gl8a-ref / Gl8a (B73-7) 
self glossy segregation 
04-1356 
gl8a-ref / (gl8a-ref or Gl8a) 
self 
glossy expressivity All glossy 
 
2874 3654 4483 4553 5136 5625 
 
PERCEVAL CpG Islands (3 predicted) 
 
 Index    Begin       End          Ratio         Pct_GC 
      1         51         421      0.72            57.78 
      2       1509       2346      0.90            63.17 
      3       2875       3695      1.20            70.13 
Note: yellow fragment is CpG island; at all 
Not draw to scale 
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Beta globin FII  T A CG   T  C C C TC  C  C CC G C T A G G G G G C -  A G C  A G 
Gl8a-B73 allele        -1926  C T G C  A T A C T C  C  A CC G C C C T G C G G C     A G G  T G T C T  T  
                   : 
                   : 
                   : 
                -246 T A T T T A T (promoter region) 
 
There is 14bp core of homologue of CTCF binding site at upstream of predicted promoter region. 
 
Figure 24. Candidate 14 bp core sequence of the CTCF binding site 
 
